English Translation of JP2000-058849 
(19) Japanese Patent Office (JP) 
(11) Publication Number: 2000-058849 
(43) Date of publication of application: February 25, 2000 
5 (12) Patent Laid-open Official Gazette (A) 
(51) Int. CI. 7 
H01L 29/786 
G09F 9/33 
H01L 27/15 

10 The Number of Claims: 16 (14 pages in total) 
Request of Examination: made 

(21) Application number: Hei 10-230938 

(22) Date of filing: August 17, 1998 

(71) Applicant: NEC Corporation 

15 5-7-1, Shiba, Minato-ku, Tokyo, Japan 

(72) Inventor: Katsuyuki FUJIKURA 
c/o NEC Corporation 

5-7-1, Shiba, Minato-ku, Tokyo, Japan 
(74) Representative: Patent attorney: 
20 Johei YAMASHITA 

Specification 

(54) [Title of the Invention] 
THIN FILM SEMICONDUCTOR DEVICE 
25 (57) [Abstract] 

[Problem to be solved] 

To lower costs of a capacitive load drive device such as an AC drive PDP or the 
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like and contrive to operate at a high speed. 
[Solution] 

A high voltage output buffer circuit is constituted by a CMOS circuit composed 
of a both-side sub-gate poly-SiTFT, and also the both-side sub-gate TFT is provided 
5 together with sub-gate electrodes 7 and 8 in a direction of a drain electrode 6 and a 
source electrode 5 respectively with respect to a gate electrode 2, and the length LS2 of 
a channel formed by the sub-gate electrode 8 located on a side of the source electrode 5 
out of the sub-gate electrodes 7, 8 is set shorter than a length LSI of a channel formed 
by the sub-gate electrode 7 located on a side of the drain electrode 6. 
10 [Scope of Claims] 

[Claim 1] A thin film semiconductor device comprising: 

a circuit having a P-channel thin film transistor (TFT) and an N-channel thin film 
transistor, wherein a source electrode of the P-channel thin film transistor (PTFT) is 
connected to a high potential side power source, a source electrode of the N-channel 
15 thin film transistor (NTFT) is connected to a low potential side power source, and the 
PTFT and the NTFT have a common drain electrode, 
characterized by comprising: 

the circuit having a first TFT having a polycrystalline silicon (p-Si) layer, a source-side 
impurity layer which is formed on one edge of the p-Si layer, a drain-side impurity layer 

20 which is formed on the other edge of the p-Si layer, and a first gate electrode which is 
formed over the p-Si layer with a first insulating layer interposed therebetween; and 
the circuit having a second TFT having the polycrystalline silicon (p-Si) layer, the 
source-side impurity layer which is formed on one edge of the p-Si layer, the drain-side 
impurity layer which is formed on the other edge of the p-Si layer, the first gate 

25 electrode which is formed over the p-Si layer with the first insulating layer interposed 
therebetween, a second gate electrode which is formed between the first gate electrode 
and the drain-side impurity layer with a second insulating layer interposed therebetween, 
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and a third gate electrode which is formed between the first gate electrode and the 
source-side impurity layer with the second insulating layer interposed therebetween, 
wherein a channel length which is formed in the p-Si layer by the third gate electrode is 
shorter than a channel length which is formed in the p-Si layer by the second gate 
5 electrode, and a bias voltage is applied to the second gate electrode and the third gate 
electrode. 

[Claim 2] The thin film semiconductor device according to claim 1, 

characterized in that a common bias voltage is applied to the second gate electrode and 
the third gate electrode. 

10 [Claim 3] The thin film semiconductor device according to claim 1, 

characterized in that the second gate electrode and the third gate electrode of the NTFT 
are connected to the high potential side power source, and the second gate electrode and 
the third gate electrode of the PTFT are connected to the low potential side power 
source terminal. 

15 [Claim 4] A thin film semiconductor device comprising: 

a circuit having a P-channel thin film transistor (TFT) and an N-channel thin film 
transistor, wherein a source electrode of the P-channel thin film transistor (PTFT) is 
connected to a high potential side power source, a source electrode of the N-channel 
thin film transistor (NTFT) is connected to a low potential side power source, and the 

20 PTFT and the NTFT have a common drain electrode, 
characterized by comprising: 

a circuit having a second TFT having a polycrystalline silicon (p-Si) layer, a source-side 
impurity layer which is formed on one edge of the p-Si layer, a drain-side impurity layer 
which is formed on the other edge of the p-Si layer, a first gate electrode which is 
25 formed over the p-Si layer with a first insulating layer interposed therebetween, a 
second gate electrode which is formed between the first gate electrode and the 
drain-side impurity layer with a second insulating layer interposed therebetween, and a 
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third gate electrode which is formed between the first gate electrode and the source-side 
impurity layer with the second insulating layer interposed therebetween, 
wherein a channel length which is formed in the p-Si layer by the third gate electrode is 
shorter than a channel length which is formed in the p-Si layer by the second gate 
5 electrode, and a bias voltage is applied to the second gate electrode and the third gate 
electrode. 

[Claim 5] The thin film semiconductor device according to claim 4, 

characterized in that a common bias voltage is applied to the second gate electrode and 
the third gate electrode. 

10 [Claim 6] The thin film semiconductor device according to claim 4, 

characterized in that the second gate electrode and the third gate electrode of the NTFT 
are connected to the high potential side power source, and the second gate electrode and 
the third gate electrode of the PTFT are connected to the low potential side power 
source terminal. 

15 [Claim 7] A thin film semiconductor device comprising: 

a circuit having a P-channel thin film transistor (TFT) and an N-channel thin film 
transistor, wherein a source electrode of the P-channel thin film transistor (PTFT) is 
connected to a high potential side power source, a source electrode of the N-channel 
thin film transistor (NTFT) is connected to a low potential side power source, and the 

20 PTFT and the NTFT have a common drain electrode, 
characterized by comprising: 

the circuit having a first TFT having a polycrystalline silicon (p-Si) layer, a source-side 
impurity layer which is formed on one edge of the p-Si layer, a drain-side impurity layer 
which is formed on the other edge of the p-Si layer, and a first gate electrode which is 
25 formed over the p-Si layer with a first insulating layer interposed therebetween; and 

the circuit having a third TFT having the polycrystalline silicon (p-Si) layer, the 
source-side impurity layer which is formed on one edge of the p-Si layer, the drain-side 
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impurity layer which is formed on the other edge of the p-Si layer, a fourth gate 
electrode which is formed over the p-Si layer with the first insulating layer and the 
second insulating layer interposed therebetween, a fifth gate electrode which is formed 
between the fourth gate electrode and the drain-side impurity layer with a third 
5 insulating layer interposed therebetween, and a sixth gate electrode which is formed 
between the fourth gate electrode and the source-side impurity layer with the third 
insulating layer interposed therebetween, 

wherein a channel length which is formed in the p-Si layer by the sixth gate electrode is 
shorter than a channel length which is formed in the p-Si layer by the fifth gate 
10 electrode, and a bias voltage is applied to the fifth gate electrode and the sixth gate 
electrode. 

[Claim 8] The thin film semiconductor device according to . claim 7, 

characterized in that a common bias voltage is applied to the fifth gate electrode and the 
sixth gate electrode. 

15 [Claim 9] The thin film semiconductor device according to claim 7, 

characterized in that the fifth gate electrode and the sixth gate electrode of the NTFT are 
connected to the high potential side power source, and the fifth gate electrode and the 
sixth gate electrode of the PTFT are connected to the low potential side power source 
terminal. 

20 [Claim 10] A thin film semiconductor device comprising: 

a circuit having a P-channel thin film transistor (TFT) and an N-channel thin film 
transistor, wherein a source electrode of the P-channel thin film transistor (PTFT) is 
connected to a high potential side power source, a source electrode of the N-channel 
thin film transistor (NTFT) is connected to a low potential side power source, and the 

25 PTFT and the NTFT have a common drain electrode, 
characterized by comprising: 

the circuit having a first TFT having a polycrystalline silicon (p-Si) layer, a source-side 
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impurity layer which is formed on one edge of the p-Si layer, a drain-side impurity layer 
which is formed on the other edge of the p-Si layer, and a first gate electrode which is 
formed over the p-Si layer with a first insulating layer interposed therebetween; 
the circuit having a second TFT having the polycrystalline silicon (p-Si) layer, the 
5 source-side impurity layer which is formed on one edge of the p-Si layer, the drain-side 
impurity layer which is formed on the other edge of the p-Si layer, the first gate 
electrode which is formed over the p-Si layer with the first insulating layer interposed 
therebetween, a second gate electrode which is formed between the first gate electrode 
and the drain-side impurity layer with a second insulating layer interposed therebetween, 
10 and a third gate electrode which is formed between the first gate electrode and the 
source-side impurity layer with the second insulating layer interposed therebetween; 
and 

the circuit having a third TFT having the polycrystalline silicon (p-Si) layer, the 
source-side impurity layer which is formed on one edge of the p-Si layer, the drain-side 

15 impurity layer which is formed on the other edge of the p-Si layer, a fourth gate 
electrode which is formed over the p-Si layer with the first insulating layer and the 
second insulating layer interposed therebetween, a fifth gate electrode which is formed 
between the fourth gate electrode and the drain-side impurity layer with a third 
insulating layer interposed therebetween, and a sixth gate electrode which is formed 

20 between the fourth gate electrode and the source-side impurity layer with the third 
insulating layer interposed therebetween, 

wherein a channel length which is formed in the p-Si layer by the third gate electrode is 
shorter than a channel length which is formed in the p-Si layer by the second gate 
electrode, and a bias voltage is applied to the second gate electrode and the third gate 
25 electrode; and 

a channel length which is formed in the p-Si layer by the sixth gate electrode is shorter 
than a channel length which is formed in the p-Si layer by the fifth gate electrode, and 
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another bias voltage is applied to the fifth gate electrode and the sixth gate electrode. 
[Claim 11] The thin film semiconductor device according to claim 10, 
characterized in that a common bias voltage is applied to the second gate electrode and 
the third gate electrode, and another common bias voltage is applied to the fifth gate 
5 electrode and the sixth gate electrode. 

[Claim 12] The thin film semiconductor device according to claim 10, 
characterized in that the second gate electrode and the third gate electrode of the NTFT 
are connected to the high potential side power source, the second gate electrode and the 
third gate electrode of the PTFT are connected to the low potential side power source 
10 terminal, the fifth gate electrode and the sixth gate electrode of the NTFT are connected 
to the high potential side power source, and the fifth gate electrode and the sixth gate 
electrode of the PTFT are connected to the low potential side power source terminal. 
[Claim 13] A thin film semiconductor device comprising: 

a circuit having a P-channel thin film transistor (TFT) and an N-channel thin film 
15 transistor, wherein a source electrode of the P-channel thin film transistor (PTFT) is 
connected to a high potential side power source, a source electrode of the N-channel 
thin film transistor (NTFT) is connected to a low potential side power source, and the 
PTFT and the NTFT have a common drain electrode, 
characterized by comprising: 
20 the circuit having a fourth TFT having a polycrystalline silicon (p-Si) layer, a 
source-side impurity layer which is formed on one edge of the p-Si layer, a drain-side 
impurity layer which is formed on the other edge of the p-Si layer, a first gate electrode 
which is formed over the p-Si layer with a first insulating layer interposed therebetween, 
a second gate electrode which is formed between the first gate electrode and the 
25 drain-side impurity layer with a second insulating layer interposed therebetween, and a 
sixth gate electrode which is formed between the first gate electrode and the source-side 
impurity layer with a third insulating layer interposed therebetween, 
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wherein a channel length which is formed in the p-Si layer by the sixth gate electrode is 
shorter than a channel length which is formed in the p-Si layer by the second gate 
electrode, and a bias voltage is applied to the second gate electrode and the sixth gate 
electrode. 

5 [Claim 14] The thin film semiconductor device according to claim 13, 
characterized in that a common bias voltage is applied to the second gate electrode and 
the sixth gate electrode. 

[Claim 15] The thin film semiconductor device according to claim 13, 
characterized in that the second gate electrode and the sixth gate electrode of the NTFT 
10 are connected to the high potential side power source, and the second gate electrode and 
the sixth gate electrode of the PTFT are connected to the low potential side power 
source terminal. 

[Claim 16] The thin film semiconductor device according to any one of claims 1, 
7, and 10, characterized in that the first gate electrode, the source-side impurity layer, 
15 the drain-side impurity layer, and the p-Si layer of the first TFT have a self-aligned 
structure. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field for the Invention] 

20 The present invention relates to a thin film semiconductor device, and 

specifically relates to a thin film semiconductor device which is used to drive a matrix 
display and the like requiring a high voltage operation such as an AC drive plasma 
display (hereinafter abbreviated to PDP) and an electro luminescence display 
(hereinafter abbreviated to EL). 

25 [0002] 

[Prior Art] 

Flat panel displays such as a liquid crystal display, a PDP, or an EL have 
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already appeared in the world. In recent years, specifically the PDP has a large screen, 
and a 40 or 50-inch screen which is technically impossible in a CRT has been put into 
practical use. Therefore, the PDP is largely expected to be a display which replaces a 
CRT in the future. In fact, however, the PDP is still expensive compared to the CRT, 
5 and significant cost reduction is required to popularize the PDP at home. 
[0003] 

A PDP has light-emitting cells arranged in matrix and there are an AC drive 
and a DC drive for a method of lighting and driving these cells. Between the two, the 
AC drive has now become mainstream. FIG. 10 is a block diagram which shows a 

10 panel of an AC drive PDP and a structure of its driver circuit part. A PDP panel 21 has 
a structure where a glass plate including k x n data electrodes 22 and a glass plate 
including L x m scanning electrodes 23 and L x m sustain electrodes 24 are attached to 
each other and sealed. An area which is enclosed by these three kinds of electrodes 
becomes a light-emitting cell and adjacent cells are separated from each other by a 

15 partition wall. In the cell, mixed gas including noble gas and the like is injected, and 
an electric discharge is generated to emit light inside the cell by applying a voltage to 
these electrodes. Note that, all the electrodes are isolated from the discharge space by 
an insulating layer, and the PDP panel 21 acts as a capacitive load with respect to the 
driver circuit. An electric discharge is generated only in a transient state where an 

20 electric charge is charged from the driver circuit to this capacitor. This leads to the 
name of the AC drive. Output terminals Dl to Dkn of data drivers 25a to 25k are 
connected to the k x n data electrodes 22, and output terminals SI to SLm of scanning 
drivers 26 A to 26L are connected to the L x m scanning electrodes 23. Further, a 
sustain pulse generator 27 is connected to the L x m sustain electrodes 24, furthermore, 

25 the sustain pulse generator 27 is connected to power source input terminals of the 
scanning drivers 26Ato 26L through a changeover switch that is not shown in the figure. 
In the aforementioned structure, the data drivers 25a to 25k and the scanning drivers 
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26A to 26L have already been integrated as an IC. 
[0004] 

In order to display a half-tone image in PDP, one field of a screen is divided 
into plural subfields. FIG 12 is a driving waveform diagram in one subfield period of 
5 each part of the PDP shown in FIG 10. First, during a writing period, a scanning pulse 
signal (an amplitude Vs - Vb = -80 to -90 V) is applied from the scanning drivers 26A 
to 26L to each of the scanning electrodes SI to SLm sequentially, and in synchronism 
with the scanning pulse signal, a data pulse signal which is a display signal is applied 
from the data drivers 25a to 25k to the data electrodes Dl to Dkn. By this, a display 

10 signal is applied to a cell at an intersection between each data electrode 22 and a 
selected scanning electrode 23, and when all the scanning electrodes 23 are scanned, the 
display signal is written to all the cells of the PDP panel 21. Note that, an output 
driving voltage VD of this data pulse signal takes two values: a high potential side 
power source Vdd (= 60 to 80 V) and a low potential voltage side power source Vss, 

15 and this writing information is held in each cell. 
[0005] 

Next, during a sustain period, common sequential sustain pulses (an amplitude 
Vc - Vss = -160 to -180 V) are applied from the sustain pulse generator 27 to all the 
sustain electrodes 24. Further, when the changeover switch (not shown in the figure) 

20 which is connected to the power source input terminals of the scanning drivers 26A to 
26L is switched to the sustain pulse generator 27 side, common sequential sustain pulses 
are applied from the sustain pulse generator 27 to all the scanning electrodes 23. 
However, the sustain pulse applied to the scanning electrode 23 has the opposite phase 
to the one applied to the sustain electrode 24. In this sustain period, only the cell 

25 where a Vdd signal is written to the data electrode 22 in a writing period is discharged 
and emits light. Further, since the number of light emitting times of a cell is changed 
by changing the number of output pulses of the sequential sustain pulse for each 
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subfield, luminance seems to be changed visually and half-tone display can be achieved. 
[0006] 

Finally, during a pre-discharging period, by applying a pre-discharging pulse 
and a pre-discharging cancellation pulse to all the scanning electrodes 23 and all the 
5 sustain electrodes 24, a data pulse signal which has been held in each cell is cancelled to 
start the next one subfield period. 
[0007] 

In the aforementioned series of operations, a display signal which should be 
applied to each data electrode 22 is input to the data drivers 25a to 25k as logic signals 
10 of DAT1 to DATk from outside of the range shown in FIG 10. 
[0008] 

FIG 11 is a block diagram which shows an internal structure of each of the data 
drivers 25a to 25k. In this figure, in synchronism with a clock pulse CLK, an n-bit 
shift register 28 sequentially takes in a serial display signal DATk which is input 

15 externally, and converts it to parallel signals Ql to Qn. After an n-bit latch 29 takes in 
these parallel signals Ql to Qn, parallel signals SI to Sn are output at the same timing 
as the latch signal LE which is synchronized with scanning pulses 1 to Lm shown in 
FIG 12. Each signal which is processed until this step is a low voltage logic signal 
with an amplitude of about 3.3 to 5 V. Next, a level shifter 30 converts each of the 

20 parallel signals SI to Sn to a high voltage logic signal with an amplitude of 60 to 80 V 
or more. An output buffer 31 converts an output signal of the level shifter 30 to a large 
current capacitance to output it, and drives each data electrode 22. 
[0009] 

In the structure and operation of the PDP, in recent 50 inch-class high 
25 resolution color specifications, the number of display pixels is 1365 x 768, and the 
number of data electrodes reaches 4095 in the sum of RGB colors. Since the number 
of output terminals of a data driver IC and a scanning driver IC which are generally 
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used is 40 to 96, the number of data driver ICs used herein, which is 43 to 102, is very 
large. Furthermore, in a high resolution PDP, a display signal inside a data driver is 
processed at high speed. In addition, since capacitance per data electrode which acts 
as a load of a driver also becomes large, an operating frequency inside the driver is 
5 decreased and a driving load is reduced by adopting a method where the data electrode 
22 in FIG 10 is divided into two at the longitudinal center of the PDP panel 21 and each 
of them is pulled out and driven separately, or a method where every data electrode 22 
is pulled out above and below and driven separately. However, when such a method is 
adopted, the number of data driver ICs used increases further and becomes a large 
10 obstacle to lower cost of PDP in the future. Therefore, it has become very important to 
lower cost of a data driver IC. 
[0010] 

Herein, a device structure of the data driver IC which is mentioned above is 
explained. Inside a data driver IC, logic signals of a low voltage and a high voltage are 

15 used, and particularly, a high breakdown voltage MOSFET is used for a high voltage 
logic signal in a circuit. Specifically, an LDD (Lightly Doped Drain) structure and a 
sub-gate structure are adopted. According to these structures, a potential difference 
between a drain edge of a channel area under a gate electrode and a drain electrode is 
generated by providing an area having the above-mentioned structure on the drain 

20 electrode side, thereby a drain high electric field is alleviated. FIG 15 is a 
cross-sectional diagram of a CMOS inverter circuit which is formed by using an LDD 
high breakdown voltage MOSFET and used for the output buffer 31 in FIG 11. As an 
example of its production process, first, an impurity ion is injected onto a 
semiconductor substrate 14, thereby an n-well 16, and an N-side low density impurity 

25 layer 17 and a P-side low density impurity layer 18 each of which becomes a drain area 
are formed sequentially. After that, a field oxide film 15 is formed. Next, after an 
N-side gate electrode 2a and a P-side gate electrode 2b are formed, source-side n-type 
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impurity layers 3a and source-side p-type impurity layers 3b which become source areas 
and protection diodes respectively are formed. After source-side contacts 5 and 
drain-side contacts 6 are opened, an N-side source electrode 9a which is formed by a 
metal thin film such as aluminum, a P-side source electrode 9b, and a drain electrode 10 
5 are formed. In the case where a CMOS inverter which uses a high breakdown voltage 
MOSFET is produced by the production process mentioned above, the number of 
necessary masks is 8PR. However, generally in an actual driver IC, a low voltage 
logic circuit MOSFET is formed on the same substrate and a connection layout of 
internal circuit is made by two layer aluminum wirings; therefore, the number of masks 
10 which are needed in the aforementioned production process is at least 10 PR or more. 
[0011] 

As one of the methods for replying the above-described request to lower cost of 
the driver IC, the writers have made researches on a data driver IC using a thin film 
transistor (hereinafter abbreviated to TFT) which is formed of a poly-crystalline silicon 

15 (hereinafter abbreviated to poly-Si). Former poly-Si thin films are formed at a high 
temperature of about 1000°C as in a semiconductor production process, and a quartz 
substrate is used as a substrate material which can withstand these conditions. 
However, in recent years, a so-called low-temperature poly-Si thin film which can be 
formed at a process temperature of 500°C or less is becoming a mainstream, which can 

20 reduce cost of a device member as compared to a semiconductor substrate since a cheap 
non-alkaline glass substrate can be used for a substrate material. Further, the 
low-temperature poly-Si thin film can be produced by the same process to some extent 
as an amorphous silicon TFT which is used in a liquid crystal display. In addition, 
production cost reduction can be achieved by mass production because a larger substrate 

25 than a semiconductor substrate can be used. On the other hand, as for device 
characteristics, a technical development has been advanced specifically recently to 
obtain a high quality low temperature poly-Si thin film, and a mobility as a TFT is also 
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vastly improved. Furthermore, TFT elements are completely separated from each 
other since each TFT is formed on an insulating substrate. Accordingly, unlike a 
MOSFET which is formed on a conventional semiconductor substrate, a latch up 
phenomenon through a parasitic element in a substrate does not occur fundamentally. 
5 This is advantageous specifically to a high breakdown voltage IC such as a data driver, 
and reliability can be improved. Furthermore, a device can be operated at a high speed 
because of no parasitic capacitance between a transistor and a substrate due to the same 
reason. By such reasons, it seems possible to apply a thin film semiconductor device 
using a poly-SiTFT to a data driver IC of a PDP. 
10 [0012] 

To realize a data driver IC, a high breakdown voltage TFT is necessarily 
required as mentioned above. A well known example of a high breakdown voltage 
TFT is sub-gate TFT, which is reported by Tiao-Yuan Huang et al. ("A SimplerlOO-V 
Polysilicon TFT with ImprovedTurn-ONaracteristics", IEEE ElectronDevice Letters, 

15 vol. 11, No. 6, June, 1990). FIG 17 is a cross-sectional diagram of a conventional 
sub-gate TFT. On an insulating substrate, a poly-Si layer 1 is formed to be a channel 
area. A gate electrode 2 is formed over the poly-Si layer 1 with a first gate insulating 
layer 12 interposed therebetween. A second gate insulating layer 11 is formed over the 
gate electrode 2, and a second gate electrode 7 is formed thereover. A sub-gate TFT 

20 having such a structure can be considered that a TFT which is formed under the gate 
electrode 2 is connected in series to a TFT which is formed under the second gate 
electrode 7. Note that, the gate electrode 2 and the second gate electrode 7 are rather 
overlapped. In the poly-Si layer 1, an area which is located under these two gate 
electrodes is non-doped and a source-side impurity layer 3 and a drain-side impurity 

25 layer 4 are formed at both ends of the non-doped area. On/off control of the TFT is 
conducted by changing a gate voltage Vg which is applied to the gate electrode 2. 
Further, a predetermined positive bias voltage Vfp is applied to the second gate 
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electrode 7 to have a potential gradient between a source edge of a TFT channel area 
which is formed under the second gate electrode 7 and the drain-side impurity layer 4, 
thereby alleviating an electric field between a drain edge of a TFT channel area which is 
formed under the gate electrode 2 and the source-side impurity layer 3. This realizes a 
5 high breakdown voltage between a drain electrode and a source electrode as a whole 
sub-gate TFT. 
[0013] 

FIG 18 is a circuit diagram reported as an example of a CMOS inverter circuit 
which uses a conventional sub-gate TFT. Since sub-gate electrodes of a PTFT 35 and 

10 an NTFT 36 are connected to Vss and Vdd terminals respectively, a constant voltage is 
applied. Further, by applying a gate pulse voltage Vg with an amplitude of Vdd - Vss 
to each gate electrode, a logical state of an output Vout of the inverter circuit is 
controlled. Note that, although each gate electrode of the PTFT 35 and the NTFT 36 is 
connected to the same terminal in this example, the invention is not limited to this and 

15 each gate electrode may be applied with a different gate voltage. In this case, each 
gate voltage may have an amplitude less than Vdd - Vss. 
[0014] 

However, there is no case where such a sub-gate TFT is applied to a driver IC 
for driving display. 
20 [0015] 

Here, the case of practically driving a PDP is considered. FIG. 13 is an 
equivalent circuit showing one-stage circuit of the output buffer of the data driver 
shown in FIG 10, which is constituted by TFTs, and showing coupling capacitance 
between a data electrode Dn connected to the circuit, adjacent data electrodes Dn-1 and 
25 Dn+1, a scanning electrode 23, and a sustain electrode 24. CD is a coupling 
capacitance between adjacent data electrodes, Cs is a coupling capacitance between one 
data electrode Dn and all scanning electrodes which cross it, and Cc is a coupling 
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capacitance between one data electrode Dn and all sustain electrodes which cross it. 
Due to such coupling capacitances, a voltage of the data electrode Dn changes through 
these coupling capacitances when a driving voltage level of an adjacent data electrode, a 
scanning electrode, or a sustain electrode is changed. 
5 [0016] 

FIG 14 is a waveform chart which shows a voltage fluctuation of the data 
electrode Dn in a writing period of the waveform chart shown in FIG 12. It is 
assumed that display is conducted such that in synchronism with a timing that a drive 
output of a scanning driver changes, for example, from (B) to (C) in FIG 12, a drive 

10 output of the data electrode Dn is maintained at Vss while each drive output of the data 
electrodes Dn-1 and Dn+1 adjacent to the Dn changes from Vdd to Vss. In such a case, 
although a driving voltage VDn of the data electrode Dn is essentially Vss, after a 
change of A VDn in the negative direction occurs, the changed voltage is absorbed by 
the Vss through the amount of on-resistance of the NTFT 36 and comes back to an 

15 original voltage. The values of coupling capacitances CD, Cs, and Cc in an actual 
PDP are each about 15 pF. The peak value of voltage fluctuation A VDn at this time is 
about 30 V 
[0017] 

When the aforementioned voltage fluctuation occurs, a voltage of a drain 
20 electrode side is lower than that of a source electrode side in the NTFT 36 in FIG 13. 
In this case, a conventional sub-gate TFT which is explained in FIG 17 has a problem 
that when a potential relation between a drain and a source electrode is reversed, a 
breakdown voltage decreases significantly because there is no relief effect of an electric 
field in a source electrode side of the TFT, which easily causes element breakdown. 
25 [0018] 

To solve this problem, in the LDD high breakdown voltage MOSFET shown in 
FIG 15, the source-side n-type impurity layer 3a and the source-side p-type impurity 
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layer 3b are provided to form an output protection diode inside the MOSFET. FIG 16 
is an equivalent circuit diagram of an inverter circuit constituted by a MOSFET 
including a protection diode. Protection diodes 34 are formed between a drain and a 
source of a PFET 32 and an NFET 33, and a diode is electrically conducted when a 
5 reverse voltage is applied between the drain and the source. At this time, a current 
capacitance is larger compared to a MOSFET because a diode current flows in a 
substrate direction, and a current accompanied by a reverse voltage mostly passes 
through a diode. Accordingly, the transistor can be prevented from being broken. 
[0019] 

10 On the other hand, since a poly-SiTFT is formed on an insulating substrate, and 

further the poly-Si layer 1 in FIG 17 is generally thin such as 1000 angstrom or less, it 
is impossible to form a protection diode by an impurity profile in the direction thickness 
which is shown in a high breakdown voltage MOSFET cross-sectional diagram in FIG 
15. Therefore, a protection diode is required to have a lateral structure and to be 

15 formed on a substrate as an independent element of a TFT. In that case, however, there 
is a problem that an element layout area increases. Furthermore, it is difficult to use 
this as a diode as it is, because a poly-Si thin film has a grain boundary through which 
much current leaks and rectification characteristics are not improved even when a diode 
is formed. Thus, a diode-connected TFT which is formed separately is generally used 

20 as a protection element. 
[0020] 

FIG 19 is a circuit diagram showing one example of a high breakdown output 
buffer where a PTFT protection element 37 and an NTFT protection element 38 are 
formed in addition to the PTFT 35 and the NTFT 36 for output buffer. A data 
25 electrode of a PDP panel is connected to an output terminal Vout, but in the case where 
a Vout voltage varies through the coupling capacitance which is mentioned above, the 
amount of its variation is to be absorbed through these protection elements 37 and 38. 
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However, in a structure of FIG 19, since it is necessary to secure a drain-side 
breakdown voltage of the protection elements 37 and 38 similarly to the case of output 
buffer TFTs 35 and 36, a sub-gate electrode is put into a drain-side. However, this 
does not have an electric field relief function of a source electrode side, and does not 
5 solve an element destruction in application of a reverse voltage between a drain and a 
source. 
[0021] 

As a solution to the above problem, a reverse voltage between a drain and a 
source can be improved by forming a sub-gate electrode of an output buffer TFT in a 
10 source electrode side in addition to a drain electrode side, what is called, a both-side 
sub-gate structure. 
[0022] 

FIG 20 is a cross-sectional diagram of a conventional both-side sub-gate TFT 
which is disclosed in Japanese Patent Laid-Open No. Hei 5-251702. On an insulating 

15 substrate 13, a source electrode 9 and a drain electrode 10 made of an aluminum thin 
film are formed, and further, a source-side n-type impurity layer 3a, a source-side p-type 
impurity layer 3b, a drain-side n-type impurity layer 4a, and a drain-side p-type 
impurity layer 4b are formed thereon. A poly-Si layer 1 is formed to cover the 
impurity layers, and a gate electrode 2 is formed thereover with a first gate insulating 

20 layer 12 interposed therebetween. Further, a second gate electrode 7 and a third gate 
electrode 8 are formed with a second gate insulating layer 11 interposed therebetween. 
[0023] 

FIG 21 is a cross-sectional diagram of a conventional both-side sub-gate 
MOSFET which is disclosed in Japanese Patent Laid-Open No. Hei 5-90587. On a 
25 semiconductor substrate 14, a field oxide film 15 is formed, and a first gate insulating 
layer 12 and a gate electrode 2 are sequentially formed in the area which is surrounded 
by this. Further, in the first gate insulating layer 12, a source-side contact 5 and a 
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drain-side contact 6 are opened. A second gate electrode 7 and a third gate electrode 8 
are formed over the first gate insulating layer 12 with the second gate insulating layer 11 
interposed therebetween. 
[0024] 

5 [Problems to be Solved by the Invention] 

The above-mentioned both-side sub-gate TFT or MOSFET disclosed in these 
gazettes has the third gate electrode 8 having the same channel length as the second gate 
electrode 7 as shown in the drawings. Therefore, when such a TFT is used, a reverse 
bias breakdown voltage between a drain and a source of a TFT can be made equal to 

10 that of a forward bias. FIG 5 is a characteristic diagram which shows a relation 
between a drain current Id and a reverse bias voltage between a drain and a source - 
Vds in the case where a constant bias voltage is applied to a sub-gate electrode of a 
sub-gate TFT. In FIG 5, while a reverse breakdown voltage BVdsa between a drain 
and a source of a one-side sub-gate structure is low (a), a breakdown voltage increases 

15 to BVdsc by a both-side sub-gate structure (c), which corresponds to a forward bias 
breakdown voltage between a drain and a source in the one-side sub-gate structure. 
However, while a breakdown voltage increases, on-current is reduced. FIG 6 is an 
on-current characteristic diagram of a sub-gate TFT. In FIG 6, by a both-side sub-gate 
structure (c), an on-current is considerably reduced compared to a case of the one-side 

20 sub-gate structure. Because of this, in order to ensure a driving ability required for a 
driver, the size of an output buffer TFT has to be enlarged. Then, there occur problems 
that a driver IC chip area increases, which causes an increase in cost. 
[0025] 

Therefore, the present invention has an object to lower cost of a capacitive load 
25 driving device, specifically a display driving device for driving an AC driving type PDP 
and the like, and to provide a thin film semiconductor device which can prevent an 
element destruction by breakdown even when a driving voltage of a driving output 
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terminal varies by a load coupling capacitance, while preventing a driving ability from 

being lowered with the decrease in cost. 

[0026] 

[Means for Solving the Problem] 
5 To solve the above problem, the present invention provides a thin film 

semiconductor device which has a circuit having a P-channel thin film transistor (TFT) 
and an N-channel thin film transistor, wherein a source electrode of the P-channel thin 
film transistor (PTFT) is connected to a high potential side power source, a source 
electrode of the N-channel thin film transistor (NTFT) is connected to a low potential 
10 side power source, and the PTFT and the NTFT have a common drain electrode. 
[0027] 

The above-mentioned TFT is formed by the above-mentioned circuit having at 
least one of four kinds of structures: the circuit having a first TFT having a 
polycrystalline silicon (p-Si) layer, a source-side impurity layer which is formed on one 

15 edge of the p-Si layer, a drain-side impurity layer which is formed on the other edge of 
the p-Si layer, and a first gate electrode which is formed over the p-Si layer with a first 
insulating layer interposed therebetween; the circuit having a second TFT having a 
polycrystalline silicon (p-Si) layer, a source-side impurity layer which is formed on one 
edge of the p-Si layer, a drain-side impurity layer which is formed on the other edge of 

20 the p-Si layer, a first gate electrode which is formed over the p-Si layer with a first 
insulating layer interposed therebetween, a second gate electrode which is formed 
between the first gate electrode and the drain-side impurity layer with a second 
insulating layer interposed therebetween, and a third gate electrode which is formed 
between the first gate electrode and the source-side impurity layer with the second 

25 insulating layer interposed therebetween; the circuit having a third TFT having a 
polycrystalline silicon (p-Si) layer, a source-side impurity layer which is formed on one 
edge of the p-Si layer, a drain-side impurity layer which is formed on the other edge of 
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the p-Si layer, a fourth gate electrode which is formed over the p-Si layer with a first 
insulating layer and a second insulating layer interposed therebetween, a fifth gate 
electrode which is formed between the fourth gate electrode and the drain-side impurity 
layer with a third insulating layer interposed therebetween, and a sixth gate electrode 
5 which is formed between the fourth gate electrode and the source-side impurity layer 
with the third insulating layer interposed therebetween; and the circuit having a fourth 
TFT having a polycrystalline silicon (p-Si) layer, a source-side impurity layer which is 
formed on one edge of the p-Si layer, a drain-side impurity layer which is formed on the 
other edge of the p-Si layer, a first gate electrode which is formed over the p-Si layer 

10 with a first insulating layer interposed therebetween, a second gate electrode which is 
formed between the first gate electrode and the drain-side impurity layer with a second 
insulating layer interposed therebetween, and a sixth gate electrode which is formed 
between the first gate electrode and the source-side impurity layer with a third 
insulating layer interposed therebetween. 

15 [0028] 

Furthermore, a sub-gate (the third or sixth gate electrode) which is located 
between a main gate (the first or fourth gate electrode) and the source-side impurity 
layer has a channel length LS2 in the p-Si layer, which is shorter than a channel length 
LSI in the p-Si layer formed by a sub-gate (the second and fifth gate electrode) which is 
20 located between a main gate (the first or fourth electrode) and the drain-side impurity 
layer. 
[0029] 

[Embodiment Modes of the Invention] 

Hereinafter, embodiment modes of the present invention will be described 
25 referring to drawings. 
[0030] 

FIG 1 is a cross-sectional diagram of a both-side sub-gate TFT constituting a 
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thin film semiconductor device of the present invention. As shown in FIG 1, the thin 
film semiconductor device of the present invention includes a TFT having a 
polycrystalline silicon (p-Si) layer 1, a source-side impurity layer 3 which is formed on 
one edge of the p-Si layer 1, a drain-side impurity layer 4 which is formed on the other 
5 edge of the p-Si layer, a first gate electrode (Vg) 2 which is formed over the p-Si layer 1 
with a first insulating layer (not shown) interposed therebetween, a second gate 
electrode (Vsgl) 7 which is formed between the first gate electrode (Vg) 2 and the drain 
side impurity layer 4 with a second insulating layer (not shown) interposed 
therebetween, and a sixth gate electrode (Vsg 2) 8 which is formed between the first 
10 gate electrode (Vg) 2 and the source-side impurity layer 3 with a third insulating layer 
(not shown) interposed therebetween, wherein a channel length LS2 which is formed in 
the p-Si layer by the sixth gate electrode (Vsg2) 8 is shorter than a channel length LSI 
which is formed in the p-Si layer by the second gate electrode (Vsgl) 7. 
[0031] 

15 FIG 2 is a circuit diagram of a thin film semiconductor device according to a 

first embodiment mode of the present invention which uses the both-side sub-gate TFT 
shown in FIG 1. A source electrode of the PTFT 35 is connected to a power source 
Vdd and a source electrode of the NTFT 36 is connected to Vss. On the other hand, a 
drain electrode of each TFT has a common connection to function as an output Vout, 

20 and a capacitive load of the PDP data electrode and the like is connected to its load. A 
gate electrode of the PTFT 35 and a gate electrode of the NTFT 36 are signal input 
terminals to which gate voltages Vgp and Vgn are applied respectively. Furthermore, 
bias voltages Vsgpl, Vsgp2, Vsgnl, and Vsgn2 are applied to each sub-gate electrode of 
the PTFT 35 and the NTFT 36. 

25 [0032] 

In the case of using the thin film semiconductor device of the above-mentioned 
structure as a data driver of a PDP and the like, it is assumed that when a driving voltage 
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level of an adjacent data electrode, a scanning electrode or a sustain electrode changes, a 
voltage of a data electrode Dn is changed by A VDn through a coupling capacitance CD 
between adjacent data electrodes, a coupling capacitance Cs between one data electrode 
Dn and all scanning electrodes which cross the data electrode Dn, or a coupling 
5 capacitance Cc between one data electrode Dn and all sustain electrodes which cross the 
data electrode Dn. On that occasion, in the cross-sectional structure of FIG 2, a 
both-side sub-gate TFT is formed by setting the channel length LS2 of a TFT which is 
formed under the second sub-gate electrode 8 so that LS2 < LSI is satisfied, and that a 
reverse direction breakdown voltage BVdsb between a drain and a source satisfies 
10 BVds > A VDn as shown in FIG 5(b). This enables to suppress more drain current 
drop than a conventional both-side sub-gate TFT as shown in FIG 6 (b), and to ensure a 
necessary reverse direction breakdown voltage between a drain and a source. 
[0033] 

Therefore, according to this embodiment mode, decline in the driving ability of 
15 a thin film semiconductor device is reduced compared to the case of using a 
conventional both-side sub-gate TFT, and an element destruction due to breakdown can 
be prevented even if a driving voltage of a driving output terminal is changed by a load 
coupling capacitance. Accordingly, the semiconductor device of the invention can be 
made smaller than a device which uses a conventional both-side sub-gate TFT while 
20 maintaining the necessary breakdown voltage. Further, since a TFT is formed on an 
insulating substrate and each TFT element is completely separated from each other, a 
latch up phenomenon with a parasitic element in a substrate does not occur 
fundamentally unlike a conventional MOSFET which is formed on a semiconductor 
substrate, which results in improved reliability. Furthermore, since there is no parasitic 
25 capacitance with a semiconductor substrate unlike a MOSFET, if a poly-Si thin film has 
the same mobility as a crystalline silicon by technology development in the future, a 
higher speed operation than a circuit which is consisted by a MOSFET on a 
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semiconductor substrate becomes possible. 
[0034] 

FIG 3 is a circuit diagram of a thin film semiconductor device according to a 
second embodiment mode of the present invention. The PTFT 35 and the NTFT 36 
5 constitute a CMOS inverter circuit. Further, two sub-gate electrodes of the PTFT 35 
have a common connection to which a bias voltage Vsgp is applied. Similarly, two 
sub-gate electrodes of the NTFT 36 are applied with a bias voltage Vsgn. The bias 
voltage is determined so that a voltage applied to a TFT channel area in the poly-Si 
layer 1 formed under the gate electrode 2 in FIG 2, which is a part of a voltage between 
10 a drain and a source electrodes applied to a TFT, is within a breakdown voltage of this 
channel area. By applying a bias voltage as shown in this embodiment mode, cost 
reduction in the entire device including an outside power source is achieved because 
smaller kinds of bias voltages are needed. 
[0035] 

15 FIG 4 is a circuit diagram of a thin film semiconductor device according to a 

third embodiment mode of the present invention. In this embodiment mode, the two 
sub-gate electrodes of the PTFT 35 have a common connection, to which Vss is applied 
as a bias voltage. On the other hand, the two sub-gate electrodes of the NTFT 36 are 
also applied with Vdd as a bias voltage. In this case, since there is no need to set a bias 

20 voltage source separately, further cost reduction in the entire device which mounts the 
thin film semiconductor device of the present invention can be achieved. Note that, 
the ratio of the channel length L, the channel length LSI, and the channel length LS2, 
and the ratio of the first gate insulating layer 12 and the second gate insulating layer 11 
are needed to be determined appropriately, in order that a voltage in the TFT channel 

25 area in the poly-Si layer 1 which is formed under the gate electrode 2 in FIG 2, which is 
a part of a voltage between a drain and a source electrodes applied to the TFT, is within 
a breakdown voltage of this channel area. 

JP2000-058849 

24/34 



[0036] 

The right half of FIG. 8 is a cross-sectional diagram of a thin film 
semiconductor device according to a fourth embodiment mode of the present invention, 
which includes a TFT constituted by a high breakdown voltage N-side gate electrode 
5 19a and a high breakdown voltage P-side gate electrode 19b. On an insulating 
substrate 13 of non-alkaline glass and the like, the poly-Si layer 1 is formed. A 
source-side n-type impurity layer 3a and a drain-side n-type impurity layer 4a are 
formed on both ends of the poly-Si layer 1 which is to be an NTFT, similarly a 
source-side p-type impurity layer 3b and a drain-side p-type impurity layer 4b are 

10 formed in the PTFT side. A high breakdown voltage N-side gate electrode 19a and a 
high breakdown P-side gate electrode 19b are formed thereover with the first gate 
insulating layer 12 interposed therebetween. Further, a sub-gate electrode 7 and a 
sub-gate electrode 8 are formed on both sides of each of the gate electrodes 19a and 19b 
with the second gate insulating layer 11 and a third gate insulating layer 20 interposed 

15 therebetween. Further, a source-side contact 5 and a drain-side contact 6 are opened 
over the source-side n-type impurity layer 3a, the drain-side n-type impurity layer 4a, 
the source-side p-type impurity layer 3b and the drain-side p-type impurity layer 4b, and 
a source electrode 9 and a drain electrode 10 are pulled out from the opening portion. 
Here, a channel length LS2 of a TFT which is formed under the sub-gate electrode 8 is 

20 shorter than a channel length LSI of a TFT which is formed under the sub-gate 
electrode 7. In the case where N-channel and P-channel are formed both-side sub-gate 
TFTs by the aforementioned steps, the number of necessary masks is 6 PR, which is 
smaller than the number of masks needed in the case of forming N-channel and 
P-channel LDD high breakdown voltage MOSFETs on a semiconductor substrate. 

25 Therefore, lower cost than a conventional LDD high breakdown voltage MOSFET can 
be achieved. 
[0037] 
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FIG 7 is a cross-sectional diagram of a thin film semiconductor device 
according to a fifth embodiment mode of the present invention. In the case where a 
PDP data driver IC is constituted, a low voltage logic circuit and a high voltage circuit 
are needed to form on the same substrate. On the insulating substrate 13, the poly-Si 
5 layer 1 is formed, and an N-side gate electrode 2a and a P-side gate electrode 2b of a 
low voltage logic circuit TFT are formed thereover with the first gate insulating layer 12 
interposed therebetween. On both ends of the poly-Si layer 1 which becomes an NTFT, 
a source-side n-type impurity layer 3a and a drain-side n-type impurity layer 4a are 
formed. Similarly, a source-side p-type impurity layer 3b and a drain-side p-type 

10 impurity layer 4b are formed in the PTFT side. Further, a source-side contact 5 and a 
drain-side contact 6 are opened thereover with a second gate insulating layer 11 
interposed therebetween, and a source electrode 9, a drain electrode 10, a high 
breakdown voltage N-side gate electrode 19a, and a high breakdown voltage P-side gate 
electrode 19b are formed thereover at the same time. Over these electrodes, a sub-gate 

15 electrode 7, a sub-gate electrode 8, and an upper wiring layer 40 are formed at the same 
time with a third gate insulating layer 20 interposed therebetween, and can be 
electrically connected to a lower wiring by opening a second contact 40 in the third gate 
insulating layer 20 as needed. Here, a channel length of a TFT which is formed under 
the second sub-gate electrode 8 is shorter than a channel length of a TFT which is 

20 formed under the sub-gate electrode 7. According to this embodiment mode, a TFT 
which constitutes a low voltage logic circuit can be formed on the same substrate as a 
both-side sub-gate TFT which constitutes a thin film semiconductor device of the 
present invention, which can reduce the chip size by a high integration of a data driver 
IC which is formed by these TFTs. Further, the number of necessary masks for 

25 production is 8 PR. Therefore, a production cost can be held down compared to a 
MOSFET which is formed on a semiconductor substrate. Furthermore, according to 
this embodiment mode, since a gate insulating layer of a both-side sub-gate TFT can be 
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made thick, the gate electrodes 19a and 19b can be driven by a high voltage logic signal, 
and the driving ability of a both-side sub-gate TFT which constitutes an output buffer 
circuit can be improved. 
[0038] 

5 FIG 8 is a cross-sectional diagram of a thin film semiconductor device 

according to a sixth embodiment mode of the present invention. On the insulating 
substrate 13, the poly-Si layer 1 is formed, and on both sides of the poly-Si layer 1 
which becomes an NTFT, the source-side n-type impurity layer 3a and the drain-side 
n-type impurity layer 4a are formed. Similarly, the source-side p-type impurity layer 

10 3b and the drain-side p-type impurity layer 4b are formed in the PTFT side. The 
N-side gate electrode 2a and the P-side gate electrode 2b of a low voltage logic circuit 
TFT, and the high breakdown voltage N-side gate electrode 19a and the high breakdown 
voltage P-side gate electrode 19b are formed thereover at the same time with a first gate 
insulating layer 12 interposed therebetween. Further, the source-side contact 5 and the 

15 drain-side contact 6 are opened thereover with the second gate insulating layer 11 
interposed therebetween, and the source electrode 9 and the drain electrode 10 are 
formed thereover. Over these electrodes, the sub-gate electrode 7, the sub-gate 
electrode 8, and the upper wiring layer 40 are formed at the same time with the third 
gate insulating layer 20 interposed therebetween, and can be electrically connected to a 

20 lower layer wiring by opening the second contact 40 in the third gate insulating layer 20 
as needed. According to this embodiment, a TFT to constitute a low voltage logic 
circuit can be formed on the same substrate as a both-side sub-gate TFT which 
constitutes a thin film semiconductor device of the present invention, which can reduce 
the chip size by a high integration of a data driver IC. Further, the number of masks 

25 necessary for production is 8PR. Therefore, a production cost can be held down 
compared to a MOSFET which is formed on a semiconductor substrate. Further, 
according to this embodiment mode, since the gate electrodes 19a and 19b of a 
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both-side sub-gate TFT can be driven by a low voltage logic signal, a circuit structure to 

drive a gate electrode of an output buffer circuit can be simplified. 

[0039] 

FIG 9 is a cross-sectional diagram of a thin film semiconductor device 
5 according to a seventh embodiment mode of the present invention. In this 
embodiment mode, the gate electrode 19a of an N-channel both-side sub-gate TFT is 
formed at the same time as the gate electrodes 2a and 2b of a low voltage logic TFT, 
further, the gate electrode 19b of a P-channel both-side sub-gate TFT is formed at the 
same time as the source electrode 9 and the drain electrode 10. According to this 

10 embodiment mode, a both-side sub-gate TFT which constitutes a thin film 
semiconductor device of the present invention and a TFT to constitute a low voltage 
logic circuit can be formed on the same substrate, which can reduce the chip size by a 
high integration of a data driver IC. Further, the number of masks necessary for 
production is 8PR. Therefore, a production cost can be held down compared to a 

15 MOSFET which is formed on a semiconductor substrate. Further, according to this 
embodiment mode, for example, the gate electrode 19a of an NTFT can be driven by a 
low voltage logic signal while the gate electrode 19b of a PTFT can be driven by a high 
voltage logic signal, which can increase the flexibility of circuit design of a level shifter 
which drives a gate electrode of an output buffer circuit. Note that, a structure of this 

20 embodiment mode can be realized in the same manner even in the case that a PTFT and 
an NTFT are changed. 
[0040] 

Note that, in the aforementioned embodiment mode, when the source-side 
n-type impurity layer 3a, the drain-side n-type impurity layer 4a, the source-side p-type 
25 impurity layer 3b, and the drain-side p-type impurity layer 4b of the low voltage logic 
circuit TFT are formed by using the N-side gate electrode 2a and the P-side gate 
electrode 2b as a shielding layer, and impurities are injected from the top of the 
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substrate, the low voltage logic circuit TFT can have a self-aligned structure. 
According to this, overlap capacitance between a gate electrode and a drain electrode 
and between a gate electrode and a source electrode, can be made small, leading to a 
high speed operation of the low voltage logic circuit. In this case, the number of 
5 necessary masks for a device production does not increase compared to each of the 
aforementioned embodiment modes, and the low cost advantage can be effectively 
maintained. 
[0041] 

According to a data driver IC which is constituted by using the thin film 
10 semiconductor device of the present invention which is explained above, a TFT device 
structure can be combined freely so as to be most suitable for a circuit structure of a 
designed high voltage logic circuit, which considerably increases the flexibility of 
circuit design. Besides, the number of necessary masks for a device production 
remains the same by using any combination, which is 8 PR, and low cost advantage can 
15 be effectively maintained. 
[0042] 

Note that, although a non-alkaline glass is advantageously used as an insulating 
substrate in the aforementioned embodiment modes to lower cost, a display driving 
device of the embodiment modes can be constituted by using an opaque ceramic 
20 insulating substrate or a semiconductor substrate whose surface is covered with an 
insulating layer. 
[0043] 

Further, in the above embodiment modes, although not shown in the figure, the 
level shifter 30 shown in a block diagram of FIG 11 may adopt one side sub-gate TFT 
25 which is explained in prior art, since there is no effect of driving voltage fluctuation 
through a coupling capacitance of a load. In this case also, the number of production 
process does not increase compared to the thin film semiconductor device of the present 
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invention which is explained above, and the low cost advantage can be effectively 

maintained. 

[0044] 

[Effect] 

5 According to the first embodiment mode of the present invention which is thus 

explained, the driving ability of the thin film semiconductor device does not decrease 
compared to the case of using a conventional both-side sub-gate TFT, and even the 
driving voltage of a drive output terminal is changed by a load coupling capacitance, 
element destruction due to breakdown can be prevented. This allows the device to be 
10 smaller than a device using a conventional both-side sub-gate TFT while maintaining 
the necessary breakdown voltage. 
[0045] 

Further, since a TFT is formed on an insulating substrate and each TFT element 
is separated completely, a latch up phenomenon with a parasitic element in the substrate 
15 does not occur fundamentally unlike a conventional MOSFET which is formed on a 
semiconductor substrate, leading to improved reliability. 
[0046] 

Further, since there is no parasitic capacitance with a semiconductor substrate 
unlike a MOSFET, if the mobility of a poly-Si thin film is improved like a crystalline 
20 silicon by technology development in the future, it can be operated at high speed than a 
circuit which is constituted by a MOSFET on a semiconductor substrate. 
[0047] 

Further, according to the thin film semiconductor device of the second 
embodiment mode of the present invention, since fewer kinds of bias voltages are 
25 needed, a lower cost of the entire device including an external power source is achieved. 
[0048] 

Further, according to the thin film semiconductor device of the third 
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embodiment mode of the present invention, since an additional bias voltage source is 
not needed, a much lower cost of the entire device mounting the thin film 
semiconductor device of the present invention is achieved. 
[0049] 

5 Further, according to the thin film semiconductor device of the fourth 

embodiment mode of the present invention, in the case where N-channel and P-channel 
both-side sub-gate TFTs are formed, the number of necessary masks is 6 PR which is 
smaller compared to the case that N-channel and P-channel LDD high breakdown 
voltage MOSFETs are formed on a semiconductor substrate. Therefore, the device can 
10 be obtained at a lower cost than a conventional LDD high breakdown voltage MOSFET. 
[0050] 

Further, according to the thin film semiconductor device of the fifth 
embodiment mode of the present invention, a both-side sub-gate TFT as well as a TFT 
for constituting a low voltage logic circuit can be formed on the same substrate, which 

15 can reduce the chip size by a high integration of a data driver IC formed by these TFTs. 
Further, the number of necessary masks for production is 8 PR. Therefore, a 
production cost can be held down compared to a MOSFET which is formed on a 
semiconductor substrate. In addition, according to this embodiment mode, since a gate 
electrode of a both-side sub-gate TFT can be driven by a low voltage logic signal, a 

20 circuit structure for driving a gate electrode of an output buffer circuit can be simplified. 
[0051] 

Further, according to the thin film semiconductor device of the sixth 
embodiment mode of the present invention, since a gate insulating layer of a both-side 
sub-gate TFT can be made thick, the gate electrodes 19a and 19b can be driven by a 
25 high voltage logic signal, which increases the driving ability of the both-side sub-gate 
TFT which constitutes an output buffer circuit. 
[0052] 

JP2000-058849 

31/34 



Further, according to the thin film semiconductor device of the seventh 
embodiment mode of the present invention, for example, a gate electrode of the NTFT 
can be driven by a low voltage logic signal while a gate electrode of the PTFT can be 
driven by a high voltage logic signal, which increases the flexibility of circuit design of 
5 a level shifter for driving a gate electrode of an output buffer circuit. 
[0053] 

Further, in the thin film semiconductor device of the present invention, when a 
low voltage logic circuit TFT has a self-aligned structure, a high speed operation of a 
low voltage logic circuit is achieved. Besides, the number of necessary masks for 
10 device production does not change, which is 8PR, and the lower cost advantage can be 
effectively maintained. 
[0054] 

Further, according to the thin film semiconductor device of the present 
invention, lower cost of the device compared to a conventional semiconductor device 
15 including a MOSFET formed on a semiconductor substrate can be achieved due to the 
use of a low cost member, mass production effect using a large area substrate, and 
reduction in the number of production process PR. Moreover, reliability degradation 
by a latch up phenomenon through a parasitic element inside a substrate does not occur 
fundamentally, and further, a high speed operation is achieved because there is no 
20 parasitic capacitance with a semiconductor substrate. 
[Brief Description of the Drawings] 

FIG 1 is a cross-sectional diagram of a both-side sub-gate TFT which 
constitutes a thin film semiconductor device of the present invention; 

FIG 2 is a circuit diagram of a thin film semiconductor device of the present 
25 invention; 

FIG 3 is a circuit diagram which shows an embodiment mode of a thin film 
semiconductor device of the present invention; 
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FIG 4 is a circuit diagram which shows another embodiment mode of a thin 
film semiconductor device of the present invention; 

FIG 5 is a characteristic diagram which shows a relation between a drain 
current and a reverse direction voltage between a drain and a source of a sub-gate TFT; 

FIG 6 is an ON current characteristic diagram of a sub-gate TFT; 

FIG 7 is a cross-sectional diagram which shows an embodiment mode of a 
device structure of a data driver IC which uses a thin film semiconductor device of the 
present invention; 

FIG 8 is a cross-sectional diagram which shows another embodiment mode of 
a device structure of a data driver IC which uses a thin film semiconductor device of the 
present invention; 

FIG 9 is a cross-sectional diagram which shows another embodiment mode of 
a device structure of a data driver IC which uses a thin film semiconductor device of the 
present invention; 

FIG 10 is a block diagram which shows a structure of a panel of AC drive PDP 
and a driving circuit part; 

FIG 11 is a block diagram which shows an inside structure of a data driver; 

FIG 12 is a driving waveform chart in one subfield period of each part of an 
AC drive PDP; 

FIG 13 is an equivalent circuit diagram which shows adjacent data electrodes 
Dn-1 and Dn+1, a scanning electrode, and a sustain electrode which form a capacitive 
coupling with a data electrode Dn of an AC drive PDP; 

FIG 14 is a waveform diagram which shows voltage fluctuation of a data 
electrode Dn during a writing period; 

FIG 15 is a cross-sectional diagram of an LDD high breakdown voltage 
MOSFET; 

FIG 16 is an equivalent circuit diagram of an inverter circuit constituted by a 
JP2000-058849 
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MOSFET including a protection diode; 

FIG 17 is a cross-sectional diagram of a conventional sub-gate TFT; 

FIG 18 is a circuit diagram of a CMOS inverter which uses a conventional 
sub-gate TFT; 

5 FIG 19 is a circuit diagram which shows an example of a high voltage output 

buffer which includes a TFT protection element as well as an output buffer TFT; 

FIG 20 is a cross-sectional diagram of a conventional both-side sub-gate TFT; 

and 

FIG 21 is a cross-sectional diagram of a conventional both-side sub-gate 
10 MOSFET. 

[Description of the Symbols] 

1: poly-Si layer 2: gate electrode 2a: N-side gate electrode 2b: P-side gate 
electrode 3: source-side impurity layer 3a: source-side n-type impurity layer 3b: 
source-side p-type impurity layer 4: drain-side impurity layer 4a: drain-side n-type 

15 impurity layer 4b: drain-side p-type impurity layer 5: source-side contact 6: 
drain-side contact 7: sub-gate electrode 8: sub-gate electrode 9: source electrode 
9a: N-side source electrode 9b: P-side source electrode 10: drain electrode 11: 
second gate insulating layer 12: first gate insulating layer 13: insulating substrate 
14: semiconductor substrate 15: field oxide film 16: n-well 17: N-side low density 

20 impurity layer 18: P-side low density impurity layer 19a: high breakdown voltage 
N-side gate electrode 19b: high breakdown voltage P-side gate electrode 20: third 
gate insulating layer 21: PDP panel 22: data electrode 23: scanning electrode 24: 
sustain electrode 25a, 25b to 25k: data driver 26A to 26L: scanning driver 27: 
sustain pulse generator 28: n-bit shift register 29: n-bit latch 30: level shifter 31: 

25 high voltage output buffer 32: P-channel FET 33: N-channel FET 34: protection 
diode 35: PTFT 36: NTFT 37: PTFT protection element 38: NTFT protection 
element 39: second contact 40: upper wiring layer 
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mm) tcffimmm pdp fffl«ittAf»ss® 
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© 3 *» y-xii 5 wctes-r-s-tJ-^y- ha® 8 tr± 



Vs Vsg2 Vg 7 Vsgi 
9\ 8. 

2 




1 

7>vX^ (TFT) Pf t>^»lgh7> 

isx? (pt ft) <dv— x%m\zi&ntiLMmmizmii% 
N^-^y^-jmmh^y^x^ (ntft) ©v 

-xHffi«®IH5:#i«Mtc^Sti. iilffi PTF TStf 
MfBNTFT© F U-f >«g^*il(CiS^L^:lHl8SSr^ 

^S->U=i> (p-S i) mt. WfBp-S 
^(C^L-fcy-XfiiJTM^Bi:. fffiBp-S i JlcDfdl 10 
»C^J&LfcFl^>«d^M#>)f <h. fJB3p-SiJf± 

(c^i«fei»«*?n.T^we,nfc^i y- h«ffit*# 
t?.^ i #tigT f t j: ^sfrtaniss t . 

WIS^igffi->U=i> (p-S i ) «£, huIBp-S i « 
©-ffllC^LfcV-XfiiJ^FM^^i:. iffllBp-S if 

s_hfc^ i«6^^3>LT^^€»tifc^ i y- hmm 
ra d&M 2 tefMI sa-u t» w & nfc* 2 y— f « 

St. SttE*iy-h*St«ftEV-X«^*fi«lJitO 20 
Mfcffl[«Ufl9Eil5 2|6titJB*^L<TI9:W6*ifc»3y- 
h«flStS*rr*»2«ifiTFT»cJ:*l»iElHll6i:*d 

j»ESB3y-h«SI-«tt)«HBp-S iHtpfC^^n 

- S i ItlcM^nSft^JHOfiSiD fc@< u 

gfrsfi^ 2 y- h*s&tf & 3 y- msi:/h txie 

[rt*JS3] WI3NTFTC0B9l2^2y-h«ffiR^ 
HaE*3y-h««*»«ffi«««Ki*«U. bUIBPT 

f tcdhsib^ 2 y- F^a^mta* 3 y- F 

ffi«*«B|iH?-fcfii51l«LfcClt*»«t-rsai*5il E« 

7>yX^ (TFT) *#U Pft>^»Ih7> 
v'XiS' (PTFT) ©y— X««tt?lS«ttfiJ«jHK:S5l* 
3n. Nft>^HIF5>yX^ (NTFT) OV 40 
-X««»4fi«ffi««SRlC»tt*tl. WISP T F T7kZ$ 
WBNTFT©HU-1'>«S**aK»lttUfc|Hll»S-& 

^S->'J3> (p-S i) Hi, iffip-S iio- 
j»t»J*U/ty-Xfl«^*8*Jii. ffffBp-S ilOi 
SgfcjgjsKLfcFK >fflPF*S«Jit, iMIBp-S i B± 
lcJBl<ftlMi*^bT»ft6nfc»iy-h««t. *9 
82^ 1 y- F««£1WE F* U-f >«^*fi«Ji tOlBlKlffi 

fifjiBis i y- h«atiW8sv-x«^*e«iJB toiwicffi so 
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« L Mi Bfg 2 f&RJl S ^ U TK »t 6 nfc * 3 y- h *s 
t £Wf 316 2 8fi8T F T \Z «fc § SfrfBlHlSg t 

SM3»3y-h««fc:«toiW8ap-s i«<pt^f££*i 
sft^oass, wt3^2y-h«ffitc«to«trffip 
- s i JB^tcpefcsnsy^ji^g;* <t o hM< u 
shehs 2 y- b*ffiRtfif§ 3 y- h*atcA< 

Sic*®© AW 7X«EE*BUnrr* £ i: t f 3» 

m*m6] «ENTFToiwa2iB2y-h«s&tf 

«HaSB3y-h««S««flrfiJ«*K:»«!L, SWEPT 

FT©MB»2y- Mi«t«irB*3y- Fma£<£« 
ffifflwaast^ ksbr l fc d t ttsitfl 4 b* 

[ffi*3S7] Pft >*MOtNf V >^^©f I h 
7>i?X5' (TFT) £*TU Pft>^»Ih7> 
•>*X^ (PTFT) Oy-X««f4»«ffi«m*K«itt 
$n, Nft>^SIh7>yX^ (NTFT) coy 
— X«Sttfi«ttflS«jR«C«ttSn. iuEPTFTRtf 
ItBNT F TO FU-f KiaHjbfcBUS** 

^ay'J3> (p-S i ) mt, MIBp-S i 
MlzBtfLLt£V—Z.M^m<fom£. futBp-S 

sgtc^*KLfcFU"f >w*mmm£* isep-s im± 
tzm 1 mmmitft l tk w 5 nfcse 1 y- f «s t 

1 fgjfiT F T iC £«ffi82|I|& t , 
Mt3^ffi~>Un> (p-S i) It, hUbBp-S \ M 
o-*K:»j«L.fcy-xfl|3ftt«Jit, fittBp-Sia 
OttSBK»j«Ufc HU-f >«^*6»Jit. StfEp-S i 

fc»4y-h««i. Wf3^4y-h«ffi<i:MIBFK 

>m*mtomt.<Dmz.®m. lus 3 leaw^uTaw* s 
nrcmsy-hnmt. wimm4?-hnmtmmv- 

tte.tifc»6y- hsa<ts-#-r«)^3iijfiTFT{cj: 

ftrtB^6y- F*@IC«fcOHtllBp-S iifCM^n 

^^^^^©fis^, wB*5y— h^sfciomaEp 

BtlBHI 5 y- F^«R^ 6 y- 

[«*^8] i»iBJB.5y-h«SimietB6y-h* 
im&m9i HtriBNTFT©MsB^5y- v-mmRU 

»»l2SB6y-h««*Si«ffifll««fca5ttb. StJlBPT 

f t CD megs 5 y- f t wtBrn 6 y- f *a 
mmm^izmm Ltzztz®®. trzmxm 1 mm. 
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10] py r >*)iRtfN^* >*)i(Dmm 

YvyVT,* (TFT) £WU P^-v >*;M$l8h5 
>^X^ (PTFT) OV-X«S»4**ffi««jEK« 
£c£*U N^r >^;i/^h^>> ? X5' (NTFT) CD 
y-X*«tt««ffiffl«»KSH*3n. WEPTFTR 
tfWENT F T© K b-f >«S**ffl»CSE«l! UfcEK* 

^ft-/U3> (p-S i) Mt. WEp-S ilO- 
WcflMfcbfcy— Xffl*«4Wi£. WEp-S iMCDffi 

ssuc»ritbfcKu-<>«^»fi«iHt. WEp-siJi± 10 

fa* 1 *iiT F T»::«i:<&i»EI!Ki. 
^Sy'Jn> (p-S i) Ht, WEp-S ilo- 
«K»j«b&y-x«3F««Jii. WEp-S lion 
JBtJgriEU&KU'-f >ffl5F*fi«!lt, WEp-S ill 

Kmi^Ji£^bT«tt&ftfciBiy-h«B<!:. w 

ESS 1 MlttfllB F U-f £©Wfcffi 
BbS62^iJl£;frbTlgtt<E>*afcSiS2y- h*ffii:. 

wes§ i y- h««£WEy-x«*i«Wi£©iwfcffi 

t**rT*SB2*jftTFTK:J:*lttEia»t, 

«nE*B»^'j3> (p-s i) it. wkp-s in 
©— asicjgfifcufcy— xl(HF*MWi£. wep-s n 

OttS8lc»*L&KW>ffl5F«*Jii. WEp-Si 
S±tcm 1 KtfMKtfJB 2 IfiflW £ £5> bTRtt 6 ftfc 

t ©p*i fc&a bus 3 tmmzifr b -raw- & n 

»F*fi4Wi £ ©|BJ C&fi b WEfg 3 t^LTRW 
6*lfcJ|6y-h«*d:*irr*JB3««TFTfcJ:« 30 

«HEjB3y-h*wcj:o»8ap-s i»«ffc»j«sn 

-5y**^©fi££. WE^y-hmSlC^OWEp 
-S i l+fC^SnS^^^WCOSSJtO fc$S< U 

wesb 2 y- vrnmsam 3 y- hic/h txhje 
£EPiob. 

f&fiS§6y-MMIK:J;DMED-S i Jf4>fcjgj££*l 

■sy-v*;u©g££. we» 5 y- 0 we p 

-s i Bcptcfl^sn-s^*^©^ <fcO fcS< L. 

we$ 5 y- htixow 6 y- htitiao^H ?x 40 
WE*!?*?-* n t *«»fr**«*wi**«. 
[mmbhii] miB»2y-h««iiiinEJB3y-h 

HtWESg 6 y- h««KHB©#H©/Vf TXfiffi£EP 
Bo 

[f*«12] WENTFT©WE*2y-h*«R 
tfWE»3 y- h««£ffi«ffifl!l«Si::«ttU iffiP 

TFTowE*2y- h«st«reiB3y-h*s*« 

«ffl«««SB^fc««!L. WENTFT©WESg5y- 50 
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waasB 6 y- htt«^ffittttiH«giic»tt 

b, S0EPTFTOiWESB5y-h««itl)IHS3B6y- 

mtm i o e«©»j^¥»#:^Bo 

h5>yX^ (TFT) £3Tb. Pft>^glh7 
>-yx* (PTFT) oy-X««J4*«ttflWjB»=» 
^$n. Nft>^;HMh7>yX^ (NTFT) © 
y-X««ttffiWte«*»fc«tt3ft, WEPT F TR 
tKWENT F T© H U"f >«®£&a{^S£bfc[aIS&£ 

#^^->'J n> (p -S i ) li, iEp-S i @©— 
*fc»j«bifcy-XWF*MfcJi£. WEp-S ijgoflfi 
Mfc»j5fcb&Fb^>flR*fi*j»£. iGp-Sii± 

fc»iWMit^uTR»t6nfciiiy-h««t. w 
mm i y- htitme f b-r >ffl^Ftt«iJi tcomtcffi 

WESi 1 y- WE y toifflfcfl: 

«b»3|ft|»JI*^bT»tt6n/i*6y- 
m-TZm 4 #t^T F T S WEEHSS^*. 
WESI6y-h*ffiK:J;DW£p-S i mWzW&LZn 
2>^**)KD&2&. WEff£2y- h Wife <fc OWE p 
- S i g«t^;:jgfifc;**lSy-Y'*.;p©4S«fc D fc®< U 

iJE*2y- htts&tf$6 y- h*«fc/t-r 7xie 
m^n i 4 ] wesb 2 y- hmstwEtg 6 y- f 
ss#js 1 3 e«co» m*mftms. 

[■M&S15] WENTFT©WESS2y-h«fR 

r«»E»6y-h«a*w«ttii(««fc»ttb. mgp 
t f ToaaEJB 2 y-h«at we* 6 y-h««*« 
•ffiwwsB^Kttttbfcitswafrsni^i 3 
E«o*ag*gs{*^e. 

1 6 ] ffl E£ 1 StitT F TCDWESB 1 y- h 

mm. WEy-xflff»i, mekw>w» 

@. Rtf, WEp-S i »t*»-fe;P7T5-f >*ifi*lSt 
-5Cli:^#S5:i:-r-5»^l> 7, 10OV»m*»lcE 

[0 0 0 1] 

Mb. #ic32M^«jsy7x*vy^xyb-f (otpd 
* x y ^ x y b-< « ^Kft-r a © ic/a 

[0 0 0 2] 

[fi£*CDft«] ISIr-f^^K. PDP, »*t»ttE 



( 4 ) 
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4 0. 5 (K^tH-afc. CRTT-tiSWWfC^nJfg 

TCtoST^X^K £ bT*i*&^££lde>-CV> 
-5c b>5>bfca*S — CRT{CJt^T£/t*£/cB5 
«T\ H6««IC P D P t« Ctt*|iaiS37 

[0 0 0 3] PDPKtt-7h'J^XttlC«3t-fe^3J«E?d 

&£ffittZ?T^Z><D\t3zffi.mW)M-V&Z>. m 1 0te3c 10 
MESiS P D P © A*;PRtf *©Kftigi&8&#©«jS£ 
^Sbfc^Dy ?iaTr&-5>o PDPW2 1B, kXn 
*©f-^112 2£ffi^bi£;tf^X«<t. ^mH2 

ti 6 3 aaoms-r h *n^a!iHfi*36«»3t-fe;i' <t & 

0T-^ti2 2 (Ctt^-^ h*7-f A* 2 5 a~2 5 k© 
ffi^jSffi^D l~Dk njWg^SttTfcO. LXm*Ct 
£««2 3l;ttStH7'f A* 2 6A~2 6L©tBASf 
Sl~SLm«SntW. LXm*©itUt 
««2 4C«3£f£A;PX38;!fegg2 7*«»l|**nT4$D, 
3^l:41F7-f/\'2 6A~2 6L©«jKA73Sg?-lc:tt 30 

A2 5 a~2 5 kS.tK^*H7< A*2 6 A~ 2 6 LttgE 
£ I 

[0 0 0 4] PDPTttB^©4 I MP^£fT?£:£> 
\Z. IffiOl 7 4-)lY$:WkW7-7-<(-)V\ l \Zttm 
01211 HI OtC^TPDP^-gBWltJ-:/ 

l~SLml;WLTtS/tJWfl^ (fi«Vs-Vb= 40 

-8o~-9ov) anB&winsft. enteral bx^ 

— ^F5-fA2 5 a~2 5 k*^T-^tlDl~Dk 

•s. uma^f-^112 2 £.msmt&\z$>z>fc& 

T©^5itSffi2 3JMt5iti:J;0PDP/^2 
1 ©il:T©-fe;Kr^^fi^*^^jiStl-5. ££*5. c© 
X-^A^Xff^wm^iBSjttJiVDte. 
Vdd (= 6 0 ~ 8 0 V) RtW5«ffi«l««V s s IS© 
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[0 0 0 5] &C*&fflM'?tl. «6JtAJUXf2£gg2 7 
*»6^TO|ft»m«2 4 tC*f bT*ffi©®^bfe»i$A 
(IHVc -V s s =- 1 6 0~- 1 8 0 V) £EP 
Snr-5. itroMiI2 3tC*tbT«*SK5 

-fA2 6A~ 2 6 L©«iSA*^tr^SnTViSH 

t«g2 3tc*fbT*a©aiBgbfc«fi^A;i/x*BJip-r 

3. -fib. **«S2 3 (cEPiJD-r*«tKFA^X««l«f« 
®2 4{cEPiD-r-5^tXttt^ffi© ; fo©T-$.-5)o Cl©*ft 
«FjaiWCJ3ViTtt, »a»IMT7 f -**B2 2fCVdd 

i^^;i/©M-^^S^ii*tifc-fe;i/©**iift**ScbT 
»5tr-5. *i^bfc«iJtA;ux©ffi^A^x^:^ 

mt? £ 1±tb . S^tfJ ic tt$fitt»g #S!fl; b fc ck o \z& 

[0006] mmz^mmmmm-c^ ^-mmm/vi 

X. R^tl»««*A-^X$:^;T©^«®2 3, £ 

T<Dmt$nM 2 4 {rEnsp-rs ^tcio, &-t)v\z&& 

[0 0 0 7] ±j£©— ^©iWCl&^T. s-^-^ws 

2 2 icEPsnr^^*^«^«H i o \zmt9sm<M\Mifi 

5>D AT 1 ~DATk©ny7i7f^ttTT-^ h*7 
-<A2 5 a~2 5 ktCA^tt-S. 
[0 0 0 8] M 1 1 tt, F^-fA2 5 a~2 5 

k©|*|gPi|»^*^T> r D<y^0T , cb-5„ IH0!Cfe^T. 
n fcfy l->7 YW7s9 2 8«^n>v^A;UXCbKIC 
H»bT. *l>S*6AA*nfc>'U 7;«wf tDAT 
k«MA9cD^T. /^I'^Ql-Qnlcfit 
5. nt'7 h^vf^ 9«£tl<=>©A^WUft^Ql~ 
Qn&W.Q&/utzmz. m l 2 KpRbfc l~LmOif 

a;1/X k: b ;t 5 y LE0^^s> y-e A 5 U 

;Hlf S l<vSn*H-i"f 5>yTIB»t*. ICS 

□ i'yi'fl^TS-?.. ^irl^^^->7^ 3 0«. A^b 
JMf^g-S l~SnS60~8 0 VRhCDfilfS&ojS* 

77r3 1lt WOW^y? 3 o©m^«^*A^^« 
«*aK3B|jSbTttJ*b, &T r -iS'*@2 2$r^it;T 

[0 0 0 9] ^±©PDP©«fi£fttf»fPtC:fc^T, « 
j5© 5 0 -f >5^i7 5-XKffiifffl* 7-©tfc^Tftt**H^ 
»*U 36 5X7 6 8ift0. f-^tlStttRGB 3 

fi&ttT4 o 9 5*fct>a-r^= -««jc«[fflsnTir» 

3^-* K^-f A I CR^SN^-fA* I C©tB^«^ 
»f±4 0~9 6ffi^jT*^*^. T-^H7-f/nCffl 
tffl«tt4 3~10 2ii:MlC^K S5« 

«LaaaE3j»a<!feo, ba»*> K9-r/toni»ta:«5*- 
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7 

^«&i#Sfc 9 ©#»*>;*:# <ft-5fca&, iioi:* 

1 ©±T;£[6]© ,: t 1 

-5*3^, T-^«I2 2£ l^&^lCkTfCSI^toL 
TSU* Cliti^SSSS H tt. H 

I CO«ffljB»tt3 5C*A5CttftO ) ^©PD 
P©ffi3Xh{fcfc#LT**&l*«.»:&*. fi£-s>T, x 

[0 0 10] JiKBLfe^-^ A* I C©? 

Tttffi*ffiRtfiS®JEE©D^y^m<t£m9fe5J&<, # 
ICifilEC^bTttKiEMO S F E T SBJSfcffl 
Vi^ 0 ftfrtfjf'W:. LDD (Lightly Dope 
d Drain) *jfi*tf-:7y- h«ifi#*tf 6*1*. 

«J|t*l*ftlL-«fc'5£V»3'b©" , e**. H15tt. LDD 
fltigiSWEEMO S FETSiVstCMOS-f >A-^IhI 
KSfllJfcU 01 1 l*3©tD*JA*-;/ 7? 3 ll:fll>fc«S 
S-TBfffliBIT**. *©8KiIg©— GltLTtt. St* 
¥^#:Sl£l 4 -hiC^^pf * >ftAl:<t OnOxJH 

aRtfP*y-Ma2 bS»*L.T*>5. V— X«B 
RCJt«SI^'f^— H<fc&£V-X#JnSPF*M&Ji3 a, 30 

fij3>^;7 h 5R.tKFU-f>#)^>^i7 r- 6 SrHPLfc 

a, P*y-Xti9b. Rtfl<K>tI10*»i/« 

-r-5.' «±©i?jeieicj;o, memosfetsi 

6TX^PRSB8PRtS^ L^L, JII^CDh*7-r 

£xa£&K&7X?PRftM:4>ft< <kt> 1 0PRW± 

[0 0 11] «E#6ttjfeK:Jfi^|«5-f A* I 

C(c*f-T-5{£nx Mtg#i£J£*--5fc«6©— o©;£?*£: 
tT< #«I->'J3> <«Tp o 1 y-S i tfcT) * 
^5»lh7>yX^ (Thin Film Tra 
n s i s t o r , WTT F T ) O^Tf-^ h* 

v-i A I C**iR-r*&»©W^*ataT*fc. £UW© 
p o l y - s i sSJgtt i o o orggt^ftfiiayn 
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fc. Lri>U ifi¥TH5 0 OtKT07"DtXiaSTf 

^pr^te. \,*t>K>*BMp o i y-s i «gta<£i*fc& 

tXBSSf^^l/^ tCfflUS#ffiH v"J 3 >T F T 

ftfifipo 1 y-S ill^ff.nSi^C&O, TF 

TFTtt|ft||ka«±K:»J«Stl*CtA»6. #TFTg 
^M^^lC^JiSn*©-!?. ^*©^«#:»«±{C^ 
fig$tl-2>MOS F ET©«to{C. S1Srt©«*^S:^ 

^ F9-f A*©<fc5fcifiiiliifffi I CCtoTlttt 
-7 htfcO. ««ttl«I±*«^riS6T**. S6tC, 
ra«l©Sft^6 h 7 >> J Xi5' iSfitOPflOf4§i*5 
&l/>fc«>. 7*/WX»f^«Z)*afl:*«^r«6T**. £©£ 
561S*5. PDPOf-iS'h , 7'fA'ICl;*ftT. 
po 1 y-S i TFT*fflV»fc»«t*9M*:*«©j8ffl?I 

[0 0 12] 5 s —* r-*7<A*I C**S-r*lC»4. 5fe(C 
fc^fet*3 0iSiBJETFT©Sgffl'fk^nI^Tab-5. 
«WffiT F T©^»«t LT«lJ-^y- h«iST F T& 
$0. -etlliTi ao-Yuan Huang5l:<t-3 
T(TA SimplerlOO-V Polysil 
icon TFT with ImprovedTur 
n-ONaracterist icsi , IEEE 
ElectronDevice Letters, vo 
1. 11, No. 6, June, 1990) f £$8*3*1 
T^«. HI 7ttfie*©ityy-r-«igTFT©S»f®0 

■c**. «5*te*«±fc poiy-sui a«ife*sn 

Ti59. ^-V^JU^tifc*. po 1 y-S iPlJiiC 

«, % i y- htfifti i 2 s^ny- hi 2 

£*lTV>-5. y-h«H2_t{Cl4£6iC|fi2y-r-*fejg: 
SI l**JgJsKSnT*D-t©±«ICtt»2y— h««7 

«snx^5. **j*K«k*-tj-^y— h«jftTFT 

«y- r-S«2TJCje/&$*l-3TFT£. S§2y-hm 

6 7 TlC^$n-5 T F T t Sittf>J8M*Lfc fe© <h*& 
fCt3&«T€ra. y-MI2i^2y-MI 

7 iz\tmmz^-^-yy^LX^i>o poly-Si 

2tcHJjp-r-5y- h^flEVgs^-fbs-a-scticfcOT 

FTO^/a-^SWSfr'S. I2y-hfl7 
lc«3r£©iEyH7Xtl£V f p^EpjD-ra^ttcJ; 
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$ T F T © 9- + * JHMKfC *3 »* 2> H 1/ -f >3S8 1 V - 
Xfl!PFfcE#lJl 3 £<Z)fg©f|#£igfn£-ti-<5. dtifcJ: 

[0 0 13] 01 8tt«6*0-y-^y— h«iSTFT*ffl 
V»T C MO s -f >/\*-^ mm&ffi& VtzM t LT$B^£ 

nX^-SIelSSIlIT-ab-S. PTFT35Ri;NTFT36 10 

©u-^y- h«ffi«, ■enfnvsswvddisfi: 
#y-Ktiii:ttvdd-vs s ©tgissr^r-r^y- h 
rom^vou t <D%amvtm&&m-?z>. 

PTFT 3 5S.OCNTFT 3 6 ©&y- htffi**Il: 

SSitt L T * * **» WLferni: RBJtf * ttfr < # 

y-hSBEOSHttVdd-Vs s <fc 0 fe/hS < 
V>„ 20 
[0 0 14] La»U&a*<&, et±©J:5«:^y— h« 
STFT^fflUT, rftSr^7^HBftfflF5-fyi 

[0 0 15] ddT, SW©PDP*B»-r.5»&£* 
it*-5. 01 3tt, 01 OlZTskT?—? h*7-fA*©ffi 
*Ay7r*TFTT«ritUT*0 1lHltt»Stt€raL 

y-^fltfiD n - 1 , Dn + 1, 23, R 

3, CDttiSf-^iiia^i, cs«i#©y 30 

-^«ffiD n tL*n\Z&m&&±X<Dfcg.W&.t(DfflO) 

m&®m. sfccctti^^-^ttSDnt^ntcx 
££ttffi, «M#««©»»«mi^;u#*ffcUfciR»;:. 

x-^m^D n ©ttJE^tX 6 ©*§"&£* Sr^LT^ifr 

[0 0 16] @14(1 HI 2fc*L&«JBH©»i&ai 

SfiTSS. 0 1 2 tC&I^T, tSK^-fmBldi 40 
*tt»3fi«««IA«raH (B) 7^6 (C) IC«'ftr*^'f 3 
>^tC|3]»3L-T. f-?flDnOllfflMIIiVs 
sS«M*U IOD n KifttSr-i'liD n - 1 . 
D n + 1 (DmWlttitf^mifiV dd*>eVs s \zmt-rz 

IllffVDntt«Vs sT**tf*. ft^r[6](CAVD 
n©«»a»f6£Ufc»K:, NTFT3 60D^>ffitrt»* 
^L-T^Si«BE^V s s {C®iR$nT**05*EE(CM 
3. 36IR©PDPlc4sW*ie^*«0««, CD, C 
s, Cc*l:l5l 5pFT^5. ZLOtgCD&Win&ft 50 



#512 000-58849 
10 

A VDn©tf— ^fii(i*5 3 0Vi^5. 
[0 0 17] 6t±KWbfc*EE*»*«jej:*i. 01 3 
©NTFT3 6l:*5^TKH >*«BiJ©ttJ£# V-X 

Lfc«fc5fcfi^©tf:/y-h«ifiTFT©»£K:tt. H 

iz-f >-y-^taw©tffiWff*«iffliRt5iT ft© 

[0 0 18] C ©WlSfC^ LTtt, 015iC^bfcLD 
DStilitSBffMO S F E TTttV-.X«nSRC*fi«Ji 3 

-F*MOS FETrt«fcJBJ*T*d£fc±0flPftUT 
l^fc. 016te, «i^t-KS»*l/fcMOSFE 
T{£<££^>/N*-^0S&©^Mffi|518S0T&.5o PFET 
3 2 Rtf N F E T 3 3 © h* U-f >~7 — XMKfliS^-r 
*-K3 4j&«JfA3ftTNfeD, H W >~V-XMtCiS» 

•f F«»S«S«*(S](tMtn'5^:J6MOS FETiClt 
*-H*a*<OT, h 5 ©Jfc*£6frih-r*££ 

[0 0 19] cnCMU po 1 y-S iTFTlilfeg: 
*1S±iC^J«$n, U^117©poly-Sill 
tt— «Kl 1 0 0 0 ;*>yx h n— AEtTfcfc^fc*. 0 

1 5©i«»JEMOS FETWH0tC^T£3&©£7jf6] 

S. fi£-?T, filSWl'^-KH:?^ 
;HBift©fe©«fcU TFTtttMLfclgftUTlS 

o 1 y-S i »KiC«^S*i^fe ; 5>fes?)tC^nS'^L 
fcU ^t-HS»*LTt»*S»tt 

LTfflV»*©ttBJi"C*3. -tUTgiHaRW-fcTFTS 

[0 0 2 0] El 9«tti*A'77rffflPTFT3 5S 
tfNTFT 3 6 ttigiJtC. PTFT{£g»if^3 7RtfN 
T F T«8*^ 3 8 *KWfc*»ffittia/*y X 7 ©-#J 
SSRt* 08S0T-&&. iUMfVoutlCttPDP/^ 

©«ISf 3 7, 3 8^^LT^©aSj^-$r©iRLJ:^ 
<fr-5fc©T^-5. HI 9©«{ST(J« 

®^ 3 7, 3 8CKH >ffl©Iffi«W«T*#«te 
S[iiM , 7 7 7lTFT 3 5, 3 6©i^tM^^tiO 

KJft*. L^L. £tt-cttV-X«Stt©*JM»jftJfMi 



( 7 ) 

11 

M-rzmmzitfczu^. 

[0021] ±8awHK*fr*»ftjRtLT, mtin<y 

7rT F T O-U-^y— MIS: K l"f >««#!£iO*.T 
frfcKy-x^ffiffltcfctgttfc, nt)($-5WfiiJ-y-yy— 

[0 0 2 2] 02011 ftfflW- 5-2 5 1 7 0 2 &?R{C 

mT*&2>. mmam^i 3 ±.\zt )is.nmt^t^j- 
xii9R0!HK>fffii o^wsn, $e»tc^(7) 10 

±»;:tty-X#JnIPBs£tlB3 a. y-XfcflpSPFijSE 
#)Ji3b, K W>«nSPFfcE#>B4 a. RtfFW > 
#J p IPFi&^lB 4 bA«SntV^. poly-Si 
B 1 t4Buae*Mt>B£«e»J:5KJ&>££n, ^-cDigptc 
teS6iy-h*&g:Bl 2^^bTy-h^ffi2^BE$ 
ntl>5. 3<=>tC. fg2y-hiSi&^Bl 1^LT^2 

y- h«« 7 ar^jg 3y-MS8 ««»*anTv>5. 

[0 0 2 3] 021 tt4#M¥ 5-9 0 58 7^ 

«lCB**nT^5ffi*OB«1t^y- S F 

ETO*fBHT*«. ¥i#««14±K:7^-*Kit 20 

{tjg 1 5 fttjMtiStt. ^ntcB^nfc^icsg i y- h 

*6i^Bl2. y-h««2jWttfc}g]5fc£ftTV»*. * 

$ i y- h*6i»jf 1 2 ±g^tc«^2 y- m&imi 1 1 * 

^ LTf 2 y- h *® 7 Rtflg 3 y- h «S 8 
[0 0 2 4] 

[fBfltfflHfeb.kSt-rfcWH] ±J6bfc::ns©4i« 
{CH^3tlTVi-5Mffl-y-^*y- hfgifiT FTfcKliM 30 
OSFETIl ^©%BJ0^m^>tf5jn i fom2y-h« 

FTSffltmtfTFT© F l"f >~y— XMfciSttSii* 

K5tt-y-yy- h«jgTFTiC*3ViT, tJ-7* 
y- hSffifcf$;taT3A*<7X«JE£-£tcbfc»£r 
©. Kl"f >nWLl dt FWf>~y-Xlffli&£|6]ttffi 
-Vd s t©l€^**-r#ttiaT*^>. I^BIKiS^T. 

(a) Km-y-jy-bmmoFi'-i >^v-7.mmmm 40 

BVd s att<SV>**. (c) Sit^y- h«iftfr<5 
^t(CJ:OBEE«BVd s c ©<fc5t£|P]±U dnttlt 

{M-y-yy- h^jt(c*5tt^ h* v<i >~y-7Mi*i*io 
«t«*jK$n?>. 0 6«-y-yy- h^jgTFTtct5^^> 

t>lMtt0T*5. HHfciSHT. (c) mWVJ 
A'-v77fflTFTWX^f< l/fcttnfcfft&fc 50 
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[0025] *«w»4. ®m®.fkffimmmm, 

* «ltt-r £ H £ £ !gjg t b T V . 
[0 0 2 6] 

56<Z)*^BJ«, P^>*;i,RtfN3^>*;i/<Di$J8h 
7>-^X^ (TFT) £*rb. P^^>^;H5IKh7> 
(PTFT) oy-X««J4K«{fl:««HKS5tt 
Sn. N^-f >3UH*fflih7>>'X;5' (NT FT) ©V 
-***ttffi*&ffl««fcSM8gSft. tutBP T F TTkXS 
tfffBNT F TO F U-f >*«**at»«bfcHFIS** 

[0 0 2 7] fbT, ±ISTFTf4. ^1->'J3> 
(p-S i ) ii, buKp-S i B©— SBKJBJScbfcy 
-XiBffMiRlli, fUIBp-S iBOfl&SfilfcJBricbifcl* 

^bTKw-sftfcjg 1 y- h 1 wibt 

FT{C±SSfffeilI8&i:, ^•>')3> (p-S i) B 
t. milSp-S i B©-«fC^j&b;fcy-X#J^M^B 

it, fWtep-s i «±c^iite»ji*^LT^-t5ti 
fciiy-Mit, «»aE*i y-H«a tiwaEFw 

>«5F«»JB tOMlcffiM bgl 2 lUMe^ bTtttt 6 

nfc*2y-h*«£, j»aasgiy-h««tiWEy- 

XflFFtt* » i: o m (C&B l. Htjiam 2 $6i^« $j|-UTt 
JtSnfc»3y-h«St**-r**2«ifiTFTfcJ: 
SWCIllSt. ^ly'J3> (p-S i) St, WIB 

p-s i m<D-fflzm&z.istz.y-xm^m®m£. mm 

p-S i lOfi*l:»iSl/fcHK >«^*fi««t. sft 
flBp-S iB-htC»l^«R^2«6»St*^LT 

«ttsn*:»4y-hflist. tfif2^4y-h*iitmj 
ekh >#j^M#ie ton b§i 3 *6mb l 
T«ttsnfc*5y-htsi. waEJB4y-h«st 
me y - x m*mmm t <d m iz&m. u wib^ 3 ise^B * 

^bT^(t^»tlfc^6y-httffit*#-r^^3«jgT 
FTfC.t^tfrfElHlSSi:, *tSfi->'J3> (p-S i) @ 

t. h5I2p-S i BOTffi^tc^fiELfcF^ >«^*fi« 
Bt. StflBp-S i JBifcjgllfiBUiS^bTKttSn 

ly-htsi, noes; 1 y- htit wta Ku-r 
nfc^2y-htit, iuiE«iy-h««iji(nay- 

XfiiJ^MtiB £ OK icfeg b^ 3 *6iitB Zft bTIStt S 

6 y- h w t s % m 4 «j& t f t ic «t « « 
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K@B&©4«S©ISB8©|*3'>fc< <h*>-o£jSlRUT«i 
[0 0 2 8] Mfc. ±y-h (f lXBl4y-M 

s) t tae y - ^w^menm z © m icttn-r & y y- 
>*jMDft3LS2&, ±y-h <jsixtt»4y-h 

y-h (S62Xll«5y-HI) iJJp-SilCffS 
[0 0 2 9] 10 

[0 0 3 0] gltt. *fSi©fi¥»#if^Mt 
sn«*^y-h«iftTFT©WfiBHT**. HIK* 

(p-Si) Hi, p-S ill ©— SgKJgjsgLfcy 
-Xffl**fi*li3 £, p-S i BOffiiS^^LfcHU 
■f 4 £. Miap-S iJH-tK0^L&^ 

m*6*»*^UTKtt&ftfc!&iy-h** (vg) 

2t, Iiy-hfg (Vg) 2iHM>M^«fta 20 

n&*2y-h«I (Vsgl) ^iy-ni 
(Vg) 2 £y — Xfl!RF*fi4&Ji3 £©MK:{fc«l/B*L 
^«3ffiSi^l/TSlt5*lfcl6y-htS (V 
sg2) 8 *«jfi©TFT*$Ay-C*J0, iH6 

y- h*ffi (V s g 2 ) 8Ci0p-S i m*\ZWi&iS 
n5ft^O!SLS2^, ^2y-Mi (Vsg 

i) 7tc«totrl2p-s i itfi:f iS^n^f t^o 
[0031] 02 «. hi (c^LfcM#i+»-yy-h«ji 30 

TFTSfflHfc*»WO* 1 0**»»CJ:4iK*« 
#8«©llKBn?**. PTFT3 5©y-XtIlil 
igVd dlC^Sw^n, NTFT3 6C0y-XiIIJVs 
sC8«SnTt>5. — *TFT©h*K>«S|Bl 
±a*Hft«SftTffl*Vo u t htz-oX&r). tcDM. 
fCliPDPOr-i'tt9ffl«Ittftf!i«tt«SnT 
«#A*iB^tt» PTFT3 5©y-nwsw 
NTFT3 6 0y-MIt, ^tl^tlVgp. Vgn 
©y- httJESrEPip-f PTFT3 5RtfN 

tft 3 6 ©-y-yy- hitsfcte. i-n^nvs gp 40 

1, Vsgp2, Vsgnl, V s g n 2 ©A*-f 7X« 

[0032] ±te«i*£©»Bi¥##gB£PDPig©y 

D n i-f-nicXSSf *£T©j£a««i©M©*S^*« 
Cs, £ fctt 1 *©y-^«@D n £^niC3c*f 

r©»»«sd:omi©ie^**cc*^UT. y-*« 

ffiDn©«JE*iAVDnfc^t^»T-5£^-rS. •€"© 50 
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RE. H2®Wr®«ifiK:fe^T. SI 2 *jr~?tf— YW& 8 T 
iC^$n^>TFT©^^^)USLS 2RS2<LS 

lift?). J.O05 (b) t:^tJ:^l;FK>~y- 
XKM^ftiW£©:*:££B Vd s b^BVd s > AV 
Dn ££*,fc'5fc«EBT. L S 2 £Ig5feLTP5»*y 
y-MlTFTS^f*. £nK«kO, 06 (b) 

(c^tj; o tc k >«sft«sT£tE*«>flf«-ii-yy- h 

^titTFTskDfcffl^OO, .B.t>&SfcFl"f >~y — 

[0 0 3 3] fct, **SfiJ§J8(CJ:n«. »Jg^##: 
S«OK»«*ffiT*ffi*CD^«-y-^y- h«jtT F T 
&flj^fc«-&<fc 0 *>'>&< Loo, J.oft«f©«£g* 
C«k f3KfttB^Sa^©ffi»*ffi*t^l!i*S^fci: bt 
fc. yi/-^y>{££&^«^£lftitt-£££;^ 

©MfflOti-yy- h#JjgT FT^VifcgtJ: 0 fc/hSft 
^nlffitJiS. TFTtt*feig:a«_htC^)5g$n-5 
^£75^, ^TFTiW^HM^nSOT, fie 
3fe©¥##»£_hl;:fl£fi£2n£MO SFETCipt, 
S1Srt©^*3g^*^Lfc^-v^T-vy^««*WIC 
©!Stt* s |nl±"r-5. $&tC. MOSFET© 
J;p{c¥##S«<!:©m©«F±^**^ViitJ6, ^H£© 
tt«H«fc J: 0 p d 1 y - S i ^lg©^»«^ft->U 
=l>M*-tt[oJJtm«, ¥i#li±©MOSFETl: 

[0 0 3 4] 0 311 *«BJcD^2*Jfi^iC=t«.»M 
¥aS&S©©lH]2§|glT&-5o PTFT3 5tNTFT3 
6«CMOSf>A*-^|5]gS$^LTV^. P 
T F T 3 5 © 2 #©-** yy- h«ffitt#Sfc»tt$nT 
V s g p&^AMTXttJS'SrEPin-r-S,, NT FT 
3 6©2*©ityy— h«HCOV>T&|lIflH;:LTAl' 
TXttJEV s g n£EPftlt"£>o A*-f TXttJEtt, TFT 

cBwosn* >~y-7fintE©rt 1 02© 

poly-Si Jf 1 ©4»T?y— h*®2T{C^fig$n-5 
T FT©^-v*;Vffi#fc#JE$n-5®JE#£©^-v*.>l/ 

/x-r 7xiieeow>& < T*tro"c, ft^mmz^ 

[0 0 3 5] 04tt, #^©SfS3S«gJ&Sgl;:J:**Jgi 
¥**»«0®i8HT**. **Jfi»«UC*V»Ttt, P 
T F T 3 5 © 2 #©+>-yy- h«ffitt*ffi{C^$tlT 
6 0. A*<7XiEiLTVss^EPW^ N 
TFT 3 6©2*©ityy- h«S!CO^Tfe[Sl^(CL 
TA*-f 7X*JEE£LTVd dSrEPJD-r-S. £©»"&. A* 

Sfi3X Mt*<15J&T<&<5. fib, TFTfCTO)£n£ 
KH >~V — X@88f^*EE©l^. 02©po 1 y-S 
i « l©4'-ey-h«g2TlC^fig^n-5TFT©^ J i' 
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[0 0 3 6] H8©;&¥#tt*^©»4*J6»ittC«fc 

fl9a. KWJEEPfliy-h««l 9 blCiOM^n 

3±tCtep o 1 y-S i JI l^iJl&Sn. ^©ffiSgg&JC 10 
ttNTFTt&Spo 1 y-S i J§ 1 ©WJBtGfctty— 
XW n g^fftfeJI 3a, I'M >fiij n S^MfeB 4 a & 
» JSK $ fl . W« Kl P T F T ©« K »4 V - X ffl p S!^tt«J 
§3b, F W>*pS!^*i*i4 b*«»)*$ftT^ 
-So -5-LX. ■€-n60±»K*iy-M6»il 2*^ 
LTi«WJ±N#jy- F«ffi 19a, «W£EP«jy— Ftt 

H9b«^n. $e>tc-€-©±giU£HS!2y- F*e 
3 y- Mfi»» 2 o^bty-n 
H9a. i9b iDffiMiz^n&n-y-zfy— hmm i ft 

n STSE^lB 3a, HH>«n 1!T*E#» Ji 4a. V - 

p m^fm^b 3b, sas f k >« p mpfmmm 4 

b ®±BI5{C«y— Xfiijn >^ F 5 fttf F u-f >ffliJp > 
29 F 6^BlP$nT*3f9, -?-©MPggJ;0y— 
9S«KH>1S1 Od^l^mStlTV^o cCT. 

-yyy- Fmn 8 T\zmi&-ztiz> t FTof+^i/fiL 

S2I1 iJ-yy- Fttl^TiCJ&J&^tl&TFT©^ 

XN. RtfP©ffifiiWyy-h#l£TFT£^L.<fc3 
£L£:i§£. £^&-7X?PR&«6 PRch&D, 30 
#:*«_h(CN, Rtf POLDDflUMlEEMO S F ET 
S*Jdc"r*»&K:Jt'<T VX * P R IS £ '>/<£< ?Z> Z. <h 
tflT**. iot, «0LDDiMiEMOSFE 

[0037] gi7n *5£me>m5nmmmzj:z>mt& 

^ttS«i 3±i;iipo l y-s ili^MSn, j e 

0±«JKJBiy-M6»lil 2*^l/T. fi«ffiD5?y 40 
*0ISJHTFT©N«y-F««2 a, fttfPfi'jy- F 
MU2 b^fig^nTVi-5, NTFTtftSpoly- 
S i B 1 ©PJJB»»ctty— X«nS!^»fi*»3 a, F 1^ 
-Y>fllnlPF*E«Wf 4 a««»riSSn, [«I#ICPTFTCD 
fiiJttty-Xfid p 3b, F U-f >« p SPFtt 

Hli4biJ«»*SnTt»4. *UT. ^©±gBfCttfg2 
y- F&ltg 1 1 ^^LTV-Xfii|n>^^ f-5Rt/F 
U-f >W^>?9 Kfflp^n, £ "o^JigBfcy-X 
«« 9 . F K >S1& 1 0 . Rtf itSBJENfljy- FSffi 

i9a, KWffipfiiy- nii9 bTbmmm^nx 50 
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£ft£©«g©±f;iW:S63y— h*6&J12 0£:fr 
LX, ityy-h«M7, W-H«t8, fttf-tg& 

BB^n 4 o«tnR»»As nx^o, &mz&z-c&3y 
— hmmm2 oic^2n>^^ h4 o&spniti: 

ex. »2-y-yy-h««8Tfc»i«*n*TFT©5 1 
•v^ufttt. -y-^y— h««7Tic»j«sn*TFTo 

t*. *fBw©»K¥*#i£««*j*T*Mffl'fr:/y- f 

i*©TFT*fc|5l-*«±tCJgfi£-rse<i:^X^. 

&"7;**PRRtt8PRT»tr. ^oX, 
tC^fifc^tt-SMOS FETiCit^XgHgPX F£<6<ffil 

hffimT f TW- hmmm&m<-rz>z\ trf 

Tf5fc», y-Hffil9a, Hb^SiEDyy 

*«U5£T-s©Mflii-y-yy- M&jSTFToei&tiasGi 

[0 0 3 8] S8tt. *%ig©ft6£;K&flR£,*:S&lt 

ly-S iil«Sn, NTFTiWpoly- 
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